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ABSTRACT

\brogrcss in explosives vapor detection ic reviewed. The
NAVSEA problems of detecting live explosives in sealed ordnance
and differentiating them from inert materials are considered
and detection techniques useful in their solution presented.
Recommendations for vapor detection improvementa and for
development of new techniques and instrumentation are given.

Portable on-the-fly measurements of vapor from bombs will
not at present assure live vs. inert differentiation.
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I. INTRODUCTION

The majority of explosive detection studies in the past as
well as those currently underway are concerned with terrorist
activities of one kind or another. A great insurgence of effort
therefore has accompanied the increase in national and
international crinme. There are already a great many detectors
on the market and many others in various stages of reasearch and
development.

Other detection needs include those of detecting buried
mines at varioua depths below the surface. The Fort Belvoir
Research and Development Center has conducted research in this
area since the 1960’'s. The Naval Sea Systems Command is
concerned with ordnance used st its testing facilities present
and past including bombing ranges. It is concerned as well in
transportation of ordnance items and in their vultlimate

disposal. It is necessary to know {f these ordnance items
(whether they be bcmbs, flares, projectiles or other items) are
loaded with enorgetic materials - have been freed from such

explosives or may be loaded wi'h an inert material.

In previous work on this problem at NWCt¢1» geveral
commercial inatruments were investigated to determine whether
any suitable ones could be found for determining explosives
(Comp B or TNT for examples) locaded in closed warheads or bombs.

This study covered ion mobility spectrometry, the U.S.
Customs thermionic acetone vapor detector and a non-commercial
Gas Chromatograph with electron capture detection as the main
types. Each had some value for detecting bare or recently
loaded explosives, however, none were suitable for use in on-the-
fly measurements for explosives loaded into MK 82 bombs (Comp B

loaded). The best for our purposes was the GC Electron Capture
Detector which could detect dinitrotoluene and trinitrotoluene
down to a few picograma (1012 g), Even thia would not

pick up enough vapors without first encasing the ordnance in a
tank and evacuating for several hours and catching the effluent
vapors in a dry ice trap. The head space in the trap would then
be sampled by pumping the vapors for the GC.

The customs detector would only detect RDX or HMX or other
explosives that had residual solvent with an alpha keto group
like acetone or methylethyl ketone. Characteristics of some
other methoda including nuclear gauging, NMR, FTIR, and acetone
wash with GC were considered along with some other methods and a
proposal was written covering a multi-instrument development and
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evaluation for both vapor and non-vapor methods. The NAVSEA was

’ not prepared to engage in & comprehensive study but did fund a
review of improved instruments and methods that miyxht later bhe
developed for the attainment of their objectives. They also
supported a small experimental study by IRT Corporation for a
nuclear gauging effort.

Thia paper is a summary of the literature review on
instruments and concepts for solving exploaiveas detection
problemas that the NAVSEA has encouuntered. Recommendations are
given for methods that best warrant further development.
Limitations of inatruments commercially available are desacribed
in reference to the NAVSEA requirements for portable, rapid
action detectors.

The study deacribed here covers a comprehensive literature
review from 1980-1983 with some papers and techniques looked at

since that time. (2’ Two separate studles were made: (1) vapor
detectors and (2) non-vapor detectors. (Phase II Non—-Vapor
Detectors will be deacribed in a later paper.) )

II. DATA BASES SEARCHED

The data bases searched by computer included: (1) INSPEC
CATA BASE, which 1is the largest data base in the English
language in the fields of Physics, Electrotechnology, Computers

and Control. (2) Chemical Abstracts Search Data Base. This
covers bhibliographic data from all documents covered by the
| Chemical * -+t Service. (3) NTIS Data Base. This covers
: governmen: ..~ .=  .esearcn, developmunt, engineering, plus
analyses - by Federal agencies, their contractors and
grantees. v+ Compendex Data Base which is from the Engineering

Index with a worldwide coverage of 3500 journals, publications
of engineering societies and organizations including papers fror.
the proceedings of conferences, and seiected Government reports

and books. In addition to the above data base, contact was made
by phone or visit to people at organizations involved with
detection of explosives in some manner, A summary from a

meeting of scientists at Cambridge, Mass. to discuss potential
solutions t¢ the FAA problems was obtained. This meeting, held
April 19, 1983, brought several potential contractors together
to pool their knowledge and suggestions as to worthy approaches
for the FAA. Both abstracts and complete papers were also
obtained from the FBl-sponsored detection meeting held at
Quantico, W. Va. (March 29-31, 1983.) These two conferences
were directed primarily at detection of explosives that might be
brought :n by terrorists or saboteurs. A meeting attended in
August i983 primariiy concerned NDE for materials in general and
essentially all papers concerned non-vapor types of detection.
Much of the vapor pressure data on explosives stems from work at
BRL. Fort Belvoir has bheen associated with most of the




conventional methods of detection of materials although they are
less concerned with the detection of explosives than they are
with more readily detected mines which contain explosives.
Their problems are, therefore, for the greater part at least
different from those of the Naval Sea Systems Command. Fort
Belvoir does not ignore explosives detection as will be made
clear later, as they have some very basic and interesting on-
going studies related to TNT detection.

:III. VAPOR DETECTION METHODS

The various methods for vapor detection that have been used
cr that have potentinl for use for explosives inside of closed
ordnance items are reviewed to see whether they might be
considered in their present state or by modification of either
the instruments or techniques, Differentiation between live
explosives listed previouslyti.2) gnd inert simulants¢i.3> ja
the major problem involved in both the safety and the cleanup
and recovery methodology required by the Naval Sea Systenm
Command. When methods and instrumentation are selected for
detection, this factor must be borne in mind and will be
considered in the analysis that follows for the various classes
of instruments or methodologies reported on here.

A. ION MOBILITY SPECTROMETRY

Recent literature describiag lnstruments by by Ion Track or
Pye Dynamicg<¢1? (the latter has been changed to Grasbey
Dynamics at the same location and the same products), does not
reveal any major improvements since these instruments were

reviewed previously. Appendix I of Ref. 1 describes these as
does Table I. Fig. 1 gives the general ciagram showing how the
Ion Mobility Spectrometer also known as the Plasma Chronatograph
operates. 1t measures mobility of ions drifting through an
electric field. Mobility is proportional to the inverse square
root of +the ion mass. More sophisticated instruments are

available as the Phemto-Chem and the T. M. Franklin GNO
Corporation instruments which have been reported to give 10-12
mole/mole for TNT which is the same as 2.27 % 10~-1° g, These
are

larger non-portable instruments and aithough still viable as

concepts for future portable instruments, would be currently
unsuitable for detecting less than picogram quantities as
required in a field portable instrument. The two first

mentioned instruments are mainly portable detectors designed to
detect such materials as nitroglycerine or 2,4-dinitrotoluene
which they can detect down to 10-7, The small portable
instruments have their place in detecting noncased explosives,
explosives carried on a person’s body, and in detecting
scattered explosive after a dudded operation of some sort where
a deflagration occurred rather than a detonation. They have
been found of little use for discerning where explosive or inert
materials are loaded in a closed homb or warhead.
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B. GAS CHROMATOGRAPHY

Q Gas Chromatography along with other chromatographic methods
- is finding increased uze in analysis of materials in which
picogram quantities may be all that is aveilable for the
sanple. Gas chromatography 3is accompunied by detectors useful
for the range of concentrations available for measure. The
electron—-capture is still among the most sensitive or the most
sensitive of the detectors wused with gas chromatography.
% Campbell and Lee‘4’ have used capillary columns in the gas
: chromatographic determinations of a number of nitro-polycyclic
‘ aromatic hydrocarbens and applied it to their determination from
; diesel exhaust "extract. Silicie acid column chromatograhpy
i combined with the reducticon of the nitro compounds by means of
i potasaiumborohydride catal yzed with Copper II chloride
E . derivitization with pentafluoropropionic anid anhydride yielded
i the enriched nitro fraction needed. Gas chromatography with
, electron capture detection 21s well as nitrogen selective
E thermionic and flame ionization detection and GC/mass
g spectrometry together with low-resclution mass spectral data
were used to positively identify ten nitro polycyclic
compounds. More than 120 such compounds were thus tentatively
identified. - The authors indicate that the best selective
detection system for the nitro polycyclic aromatic compounds may
be the negative chemical ionization mass spectrometry (NICIMS).
However, although NICIMS has excellent sensitivity, many
interfering compounds frequently detected by common selective
detectors are not detected by NICIMS. This technique would
probably be precluded on the basis of expense and high
sophistication from competition with GC for our purposes in
explosives detection in ordnance. HPLC was also found to fail
to detect many nitro-PAC isomers. These authors suggest an
ideal =cheme f{cor such compounds should include a high selective
preparative procedure that isolates nitro-PACs while eliminating
all non-nitro compounds from the isclated material. Final
resolution with gas chromatography is recommended (using a
capillary gas chromatograph).

Gross and others¢8) jn their summary of instrumentation for
detecting hazardous materials indicate several showing promise
for further development. among these were included the non-
remote portable gas chromatograph/mass spectrometer and a remote
pacsive IR analyzer. At the time of the study (1980) they
indicated that no instrument existed in portable ready form to
detect all of the 115 materials considered to pose significant
hazards in emergency operations management. This study has many
parallels to future recommended studies for the Naval Sea
Systems Command. Because of some similarity their objectives
for emergency detection are given: 1. Compilation of hazardous
materials most likely to be encountered in FEMA emergency
missions. 2. Determination of exploitable chemical and/or
physical characteristics of those materials. 3. Evaluation of
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the state of pertinent detoction technology. 4. Establishment
of operational and perforrmance requirements for any Jdetection
technique deemed practical. Major emphasis was applied to
gathering data on the hazardous materials that could be used in
their studies. Emphasis was also placed on types of instruments
that could be made portable, easy to use and suitable for the
first emergency group to arrive on the scene of an accident.

Instruments evaluated included: Passive IR Absorption; Active
' Double~ended Direct Absorption; Laser Raman Spectroscopy; Non-
i diarzraive or Discrete Frequency Absorption; Dispersive

Absorption; Mass Spectroscopy or GC/MS; Gas Chromatography;
Detector Kits; Chemical Kits; Combustible Gas Detector; and IR
Hot Spot Detectors. An ideal iastrument would be a amall black
box with a few controls, vusable by an inexperienced person,
which could be pointed at a material or vapor cloud, and which
would immediately identify the material and simultaneocusly give
its concentration. Although no such instrument is availabtle,
the potential may exist.

Bourne and otherst¢) have evolved a system known as Matrix
Isolation Gas Chromatography. Modern GC/FTIR systems have used
a gold-coated 1light pipe for "on-the-fly” measurementa. There
are commercial versions which now approach the theoretical
limits of dead volume and 1light throughput which ultimately
limit the sensitivity of these systems. Unfortunately this
sensitivity limit is insufficient to match the performance of
GC/MS. The light-pipe dead volume and flow rate place severe
restrictions on the possibilitiea for optimization of the gas
chromatography. A new technique has recently been developed for
interfacing a GC to an IR spectrometer using Matrix Isolation.
The first commercial unit, the Cryolect from Cryolect Scientific
can be used with any high performance FTIR Spectrometer. Matrix
Isolation interfacing offers a significant enhancement in
sensitivity over light-pipe systems and allows much greater
chromatographic flexibility. The basic principles of Matrix
Isolation referring to the trapping of atoms, molecules, or free
radicals in a crysatalline cage at temperatures near absolute
zero and in which the "cage” is made up of a frozen inert gas as
argon or nitrogen and discussed in reference 6.

Szadat and Terry¢?’ have contributed considerably to the
development of miniature gas chrcmstcographs. The instrunent is
the Michromonitor (Microsensor Technology Inc.), a computer-—
controlled, portahle gas analyzer for field or laboratory use.
A miniature gas chromatograph, many components of which are
fabricated on a silicon wafer, constitutes the heart of the
instrument which fits upon a human hand, and up to five GC
modules can be used in one Michromonitor. The detector at the
output of the GC columns is an integrated thermal conductivity

detector. d t 1 f d i 5 femtogr of
detester- (oo dstesten,iscseeadle st dptasting 13 feptomaten.el
in the article. If this sensitivity can be achieved for
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explosive compositions or for their common impurities such as
the dinitrotoluenes in TNT ov in Composition B for example, it
might be possible to obtain detection on aingle paas
measurements from closed bomba. Their methods of obtaiining
positive identification without use of infrared, Raman, or Mass
Spectroscopy is to set the instrument to operate two of the
columns packed with different = substrates. The peak is
positively identified as caused by a particular compound only if
it is detected at the expected retention time on both columns.
From information fed the computer previously concerning
retention times as functions of temperature, predictions of
retention times at other temperatures can be made. This would
greatly simplify concern over differing  ambient temperatures
during a day of checking for explosives. As used for
quantitative determination of gases, the Michromonitor is
capable of running in automatic mode at intervals selected by
the user. Statistical information such as maximum, minimum,

mean, and % standard deviation of the concentration results are

calculated for each gas and stored in memory.  Extenaive
software diagnoses the integrity of the aystem and reports any
possible malfunction. The analyzer can be configured variously,
e.g., it can be used as a BTU analyzer. The parameters for
calculating BTU can be entered into the computer’s memory
through keyboard dialog. In the BTU mode, apecific gravity and
compressibility factors of the natural gas mixture are displayed
along with the individual gas concentrations. More than one
hundred chemical compounds encountered in the work place can be
determined. Although femtogram sensitivity has been previously

indicated, the minimum detection limitse for most commonly
occurring solvents and similar compounds lies between S5 and 20
ppm or 9 (nine) orders of magnitude higher. It is not known

whether the ppm values were because quantitative measurements
may require that much more material cr whether the femtogram
detections with pentane was something very unusual. Picograna
qualitative detections are common for certain explosives using
high quality GC or HPLC instruments.

Anspacht®8? and others conducted an evaluation of solid
sorbents for .use in sampling low levels of explosives in water.
About 27 sorbents were obtained from several companies. These
represented many types of materials. The best ones were Porapak
S or Porapak R depending upon the explosive to be determined.
The Hewlett-Packard GC-EC was used and the most effective sorbent
for each of eight explosives was used and subjected to precision
testing as well as for accuracy of results. Detection limits
were not of low enough minimum value for our purposes but
are included in our report¢®), Most of these detection limits
whether by GC-EC or by HPLC are below 10 micrograms per liter.

Their detection 1limits rangec from 0.81 ug/l for 2,6-DNT to 10.3
ug/l for PETN.
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t No suitable method was found for Picric acid, Tetra~ene, or

Lead Styphnate. Interferences from major contaminants proved to
: be the largest problem in the evaluation of various sorbents.
' Dcuse ¢10.11» used handswab extracts samples with GC with

electron capture to detect explosives.

Meyers and Meyers ¢12) in a project to identify

manufacturers of smckeless powders have used a combination of gas

! chromatography and proton magnetic resonance (PMR). They also
; reviewed methods used previously for the detection of smokeless
powders and their components as the nitrated products of

glycerine. Use of the two techniques enables identification not
only of the manufacturer of the powder but alao the various
powders manufactured by the manufacturer. Thin-layer

chromatography was used to deiermine whether the material was
single base or double-base propellant. For a gas chromatograph
they used the Hewlett-Packard 5880A which is described in Hewlett-
Packard HP Sourcetid), This instrument uses a combination of
internal method software and integral BASIC programming.
Capillary columns are employed for improved sensitivity, and
resolution. To perform an automated identification, the 5880A
performs two distinct steps. First, searching the chromatogram
for the presence of specific peaks (a qualitative step) and
second, comparing peak areas or heights to reference values, a
quantitative step. These steps have been combined in a BASIC
program written for the 5880A Gas Chromatograph. Data files for
each sample type are stored on the integral cartridge tape. The
program is started upon completion of an analysis. A tentative
mstch is reported if all reference peaks in a given data file
are found in the sample chromatogram. The program then compares
the normalized area or height percentage of each calibrated peak
with lower and upper bounds stored in the calibration table.
Deviations are summed over all the peaks. If the sum is less
than the specified recognition window, the match is confirmed.
After this confirmation has been achieved, a report identifying
the sample 1is generated. This Hewlett-Packard Gas Chromatograph
can analyze rapidly both qualitatively and quantitatively for
explosives that are brought into the laboratory; however, it
suffers from lack of portability for direct determination of
explosives in closed ordnance.

The use of multiple detectors with gas chromatography for
analysis of organic nitro compounds and explosives is discussed
by Krull et al.t*4>, They have used a Earallel arrangement of
electron-capture detection (ECD) with photoionization detection
(PID) together with certain Permabound GC packing materials, for
the resolution and specific identification of numerous organic
nitro compounds and other explosives. They used a Varian Model

3700 gas chromatograph equipBed with conventional Varian FID and
ECD detectors., A" separate PID unit was mounted external to the

main GC oven, on top of the GC with external heating tape applied
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to the interface preventing condensation of CC effluents sfter
their exit from the column oven. The PID was from HNU Systems
Inc., Model PI-51-01. The detection quantities and minimum
levels detected were not as low as helieved to be required in our
work with bomba and warheadas although their detection minimum
levels for dinitrotoluenes wvere as good as we
had obtained beforeti?’, Their values for the DNT isomers were

three picograms in each of the 2,3-, 2,4- 2,6-, and 3,4-
dinitirotoluenes. The greater sensitivity of the ECD was noted
however, the compound detection and selectivity were generally
better vis the PID. They point out that in deciding which
detector to use, provided only one is used, one must decide
whether detectability or selectivity is of greateat concern.
Relative response ratios can be used when these two detectors are

both used in parallel and such numbers are better to
differentiate explosives from each other. The use of several
detsctors is important in other ways. When the amount or

concentration of vapor is totally unknown it is better to use a
detector that requires a larger sample (if available) or that can
measure over a larger range or both. Then the sensitive electron
capture detector (ECD) would not be swamped out so often by high
concentrations which it cannot handle. Picograma require ECD
whereas micrograms would swamp the ECD while being readily
detected without dilution by several other less sensitive
detectors.

Penton 18> describes the advantages of using the newer
fused silicon dioxide capillary columns as opposed to the packed
column. Capillary columns give better resolution, yielding
taller and narrower peaks, lower detection limits, and smaller
errors in quantitation. Capillary columns are usually made with
pure silicon dioxide without metal contaminants found in glass
columns; this in turn leads to less tailing of polar compounds
and fewer reactions with column ingredients. Penton analyzed

nitroglycerine, lowest detection level 35 femtograms, TNT, lowvest
detection level O0.11 picogram, PETN, lowest detection level 0.38
picogram, and ’DbX, loweat detection 1level 0.39 picogram.

Analyses were all performed using a Varian 6000 gas chromatograph
equipped with a Model 1095 on-column injector and electron
capture detector. A Varian 401 chromatography data system was
used for quantitation. The column was of fused silica coated
with a half micron thick coating of SE 30. No noticeahble
degradation was evident after two month’s use.

Yung-ho Chen of U.S. Army Armament Research and Development

Command, having been involved with the analysis of an unknown
liquid explosive mixture, has outlined the methodologies used for
the identification, structural determination, and

quantification of the constituents of +he mixture¢1®’ yhich
emphasizes what can be done when a large number of analytical
instruments are at one's disposal. This also further surfaces
the problem of determining whether an explosive is present versus
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so>me other non-exploasive material. Fast atom bombardment mass
spectronetry (FABMS) and Fourier transform muss spectrometry
(FTMS) wers only used in a cursory examination. GC/EIMS provided
considerable structural information, however, the lack of
molecular weight information required the use of direct inlet
probe high resolution electron impact mass spectrometry which
provided unequivocal data concerning the exact elemental
compositions of the fragment ions and also the structural data
necessary for elucidation of the structure of the unknown
compounda in the mixture. Next moat powerful toola to the HREIMS
were gpositive ion chemical ionization (PICI) MS and the negative
ion chemical ionization (NICI) MS from which key molecular weight
information was deducted. Close behind these techniques in
usefulness were GC/EIMS and GC/PICIMS which permitted rapid
separation and characterization of nonlabile conatituents of the
explosive. Supplementary atructural data were provided by NMR
and IR which facilitated identification of the known, although

the lower sensitivity of the commercial instruments representing
thease methods limited their usefulness.

Reutter et al., of the FBI Laboratories have shown the
problems that can arise when a terrorist useas little known
axplosives or propellant ingredients which may not have been
previously characterized or its characteristics had not been
compiled in an FBI laboratory. One of these 172,
hexamethylenetriperoxidediamine, whose potential as a military
explosive had bheen shown in 1904, and although too unstable for
military use was selected apparently because of ease of
synthesis. Conplications of instability made GC/MS
characterization difficult and infrared spectrophotometry showed
only C~H stretch vibrations together with a peak later shown to
be from an impurity. High resolution maczs spectrometry together
with NMR and some fine chemical sleuthing nailed the structure
down to the tricyclicdiamine noted above. The other explosion
occurred outside the contiguous 48 states and resulted in
considerable loss of life. After HPLC separations showed none of
the ordinary explosives, GC/MS found a peak which on a library
search through EPA-NIH records matched well with
diethyleneglycoldinitrate (DEGDN) . An electron impact mass
spectral determination was made for the second component of this
explosive and found a spectrum indistinguishable from those of
EGDN, NG, and PETN. The mass spectrum was consistent with a
nitrate ester of mass of 255 daltons. Metriol trinitrate (MTN)
was found to match this value; the most probable source was then
found to be “"Hercudyne,” a dynamite made by Hercules. Standard
samples of DEGDN and MIN were then obtained and both GC/MS and
HPLC with pure samples together with debris extract spiked with
them gave results indicating these two ingredients as the two
components of the terrorist concocted explosive. Ironically,
although these explosives were in standard reference tests, none
; was in the ¢ tensive FBI files and no spectral data had been
compiled in any of the standard spectra referen:~ libraries.
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Goff and Fine in a series of articles describe analyses of
explosives by meana of use of GC or HPLC together with the Thermo
Electron Analyzer, Model 610 as the detector. The latter
pyrolyzes the separated products from either type chromatograph,
ozonizes them to nitrogen dioxide or to nitric oxidetis.1®
wvhich are detected as previocusly described therein. Minimum
detectable levels were fourd for TNT and RDX 4 pg, for EGDN,; NG,
and DUNT 5 pg, and for tetryl 25 pg. Posaible advantages of this
detector over scme very highly s2nsitive detectora as electron
capture are that it can be used over a range of nanogram down to
low picogram range without dilution or concentration and without
extensive sample cleanup procedures prior to analysis, and that
it would not be "swamped out” so readily by exposure to slightly
high concentrations. The TEA analyzer has been designed to
respond only to nitro and nitroso compounds and thus there are
not peaks for othor compouads which may be in the same sample
which otherwvise obscure the identifying peaks of the explosive.
The GC/TEA as well as the HPLC/TEA served adequately to detect
explosives in acetone or methanol solution and alsoc post-blast
debris from methylene chloride solutions concentrated from debris
extracts. Post-blast air samples taken in an air-sampling
cartridge developed by Rounbehler, and handswab extracts were
hoth adequately analyzed using either GC/TEA or HPLC/TEA.

The analysis of explosives residues by electron impact gas
chromatography mnass spectrometry (EIGC/MS) and on line computer
searching of apectra has been reported by Messler 209’ uging a
Hewlett-Packard Model 5992A GC Mass Spectrometer containing an
electron ionization scurce and quadrupole mass analyzer used to
collect atandard aspectra. The inatrument is controlled by a
98255A microprocessor, having a 16K memory. Software used was
Hewlett-Packard ON-Line Search Tape 05992-10012. This software
allowed the GC/MS to perform scanning experiments where a library
of up to 50 compounds is searched as each GC peak elutes. The
software was modified so that the St. Louis Metropolitan Police
Library now handles a capacity of 12999 pollutants and
explosives.

Martz and others have established a smokeless powder library
of about one hundred powders in their GC/MS system at the FBI
laboratory in Washingtont¢212, Identification of a smokeless
powder is effected by computer searching the composite spectrum
of the unknown powder against the library. Confirmation follows
by comparing the relative amounts of the various components as
found by the GC/MS analysis and also by comparison of physical
properties. Typical mass spectra are shown in the reference from
a Finnigan 4021 quacdiupole/mass spectrometer equipped with a
Finnigan INCOS 2300 data systean. Their gas chromograph was
equipped with a Scientific Glass Engineering, Inc., on-column
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injector and # 20-meter, 0.20 mm ID, SE-54 bonded phasae-fused

silica coluan, In these analyses the powder was extracted with
0.5 ml of chloroform and o.1 to 0.2 microliter injected on-
column, In thease analyses the powder was extracted with 0.5 al

of chloroforn and 0.1 to 0.2 microliter injected on—-column at
ambient temperature.

A group at NWC as part of the Navy'’s pollution abatement “has
been fingerprinting the products of detonation for propel'ants
and explosives as well as the products from burnirg for
disposal. In recent studies related to uniervater
detonations, ‘22> molaecular TNT has been found in the dutonation
products from TNT detonationa in nitrogen and also in detonations
in air; whereas, RDX and PETN are not found as detonation
products from their explosive mixtures. The formation of
producta such as napthlene and other substances absent in the
original mixture is hypothesized as occurring in reformation

reactions from the fragments which include atoms and portions of
molecules.

Cumming and Park have indications!2® <{hat negative ion
mode monitoring in the GC/MS detection process improves both
detection 1limits and the degree of discrimination possible. Gas
chromatography has made greater use of mass spectrometry possible
in several wvays. Yinout24? and Hunt<¢2%) )ave reviewed mass
spectrometry for characterization of unknown explosaives,
Electron impact (EI), in which ionization is caused by electron
bombardment at 70 eV under high vacuum, produces fragmenting of
most oxplosive molecules into smaller moieties of molecular
fragments with corresponding simplified spectrsa limiting its
usefulness in detection. This is caused by the poor charge
stabilizing effect of the nitro group. Molecular ions from nitro-
alkenes eject the nitro group so easily that a molecular ion (M+)
is seldom observed. As examples, at 70 eV electron impact and at
standard conditions w'th high vacuum, none of the nitrate esters
give a molecular ion. Major peuks from nitro-alkane fragments
are identified as:

NO+ mass unit = 30
NOa2 + mass unit = 46

(HaC-0-NOa) + nass unit = 76

Most aromat.c nitro ccmpounds do give molecular ion peaks and are
thus easier to analy:e using electron impact.

The fragmentation of TNT(26>? forming a baze peak at m/z =
210 corresponds to (C7H4N30s) + which corresponds to the loss of
OH fronm the molecular ion. This requires the efficient
separation of the mixtures prior to optimizations, a function
usually well performed by gas chromatography. Negative ion mass
spectrometry has evolved because of improvements<¢23.28) jin hoth
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designed for positive ion operution to be readily adaptable to
produce and detect negative ions. The reason for preferring
negative ion (NI) rather than positivz ion (Pl) mass spectrometry
is because the NI haa greater selectivity combined with picogranm
level of sensitivity. The predominating mechaniam of ion
production is electron capture in which the NI behaves similarly
to the gas chromatographic electron capture detector which is one
nf the moat sengitive of explosivea detectors available.

D ionization and instrument techniques which allow instruments

The development of portable GCMS instruments is cdescribed by

Drew and Stevens:tt?, Most commercial instruments have been

‘ developed for the laboratory vhere a highly controlled
; environment and few limitations on space and power requirements
| are the norm. Among itas carefully selected instruments for a
Mars trip in sesarch of evidence for the presence of life or ita
precursor NASA chose a portable GCMS inatrument Lo fit into its
very compact and light weight landing system capable of heat-soak
sterilization, launch vibrations and accelerationa, and of
traversing interplanetary space for about s:x months, shock
landing on Mars, and functioning millions of wmilas from earth in
an unfriendly atmosphere of blowing dust. A current terrestial
man-portable GLC/MS is largeiy based upon the Viking instrument.
, Specifications for the fully portable instrumentation are set up
| for a concept validation stage which has been ongoing at the Jet
Propulsion Laboratory. The specifications include a desired
w femtogran detection sensitivity in an instrument which is
expected to weigh 25-30 kg plus 0.9 kg for each hour of operation

for the batteries. Although this weight would rot he ideal for

someone to carry around on the back, it may be a starting point
for constructing a gas chromatograph/mass spectrometer suitable
for identification of explosives, It is noted that for
explosives detection, a vapor inlet probe and a pre-conceantrator
would be needed vpossibly together with certain extraction
techniques possible for soparation of interferents. Such an

instrument should be of value for several applications relating
to explosives detection.

Sullivan and Wat=on 28> describe portable detectors
available from Xon Tech Inc. that can detect most organonitrate
explosives present in open containers. The Model GC-710 detector

measures the presence of explosives such as TNT, C-4, dynamite,
and Deta Sheet for a time period as long as 30 minutes after
sampling. The GC-710 weighs 43 pounds, costs around 810,000, and
requires only one operator. A personal sampler with attachable
sanpling cartridges can be used to extend the search area.

Ziegler et al.,¢2® have described an extensive and
organized chromatographic data processing command language.

Nearly any manipulation of chromatographic data and results can
be conveniently conducted using sensible instructions.
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Karasek et al., 99 have thoroughly reviewed fundamental
developaments (with 811 references) in the field of gas
chron.tography for 1982 and 1983 and the extent of GC use is
evidert from sales of about 8300 million in 1983 projected to
8425 in 1986. As an example of the scisntific and technology
improvements, electron-capture detection of aromatic hydrocarbons
can now be predicted based upon known ionization
potentialatdt), The detection limits for electron-capture
duetection have oeen reported for some atrong electrophores aa
being in the attogram rangetd2’

Yang ¢33’ describes the Varian models 3300 GC and 3400 GC.
These instruments feature builtin self diagnostica and are the
ssallest 2ize offered having fully automatable microprocessor
controlled GC operaticas. The GC 3400 (20 in. H x 20 in. W x 24

| in. D) with builtin printer/plotter and large column oven (10 in.

| H x 9 in. W x 7 "in. D) will accommodate two 4 meter packed
colunns, two glasa columns, or two capillary columns or
combinations of these. Detectors range from electron capture
detectors with sensitivity to <0.07 picograms through lesser
sensiitivity broader range detectors as thermal conductivity or
flame ionization detectors.

|
} Twibell has noted that gas chromatography with electron-
' capture detection was found to be the most accurate and sensitive
| technique for analyazing handswab extracts of nitroglycerine.
| Residues could be detected for 20 hours after handling the
explosive. The lowest detection limit under these circumstances
was 10 nanograms 34?2, Reviews on gas chromatography also
include references 35 and 36, Smith'’s "Handbook of
| Chromatography"¢®7* and the use of gas chromatography in the
| analyses of polymers is reviewed by Smith<¢3®,

C. HIGH POWER LIQUID CHROMATOGRAPHY

High power liquid chromatography has been used in numerous
analytical procedures for detection and analysis of energetic
materials and is the chromatographic method of choice for many
other materials. Although many more papers have been published
on HPLC than on gas chromatography, it may not be as readily
miniaturized for the intended applications related to the current

project. Explosives analysis methods can be covered only briefly }?h
here. Brueggmann ‘3%’ separated HMX, RDX and other explosives by N
lower detection limit of 100 nanograms., While more than adequate

for the wastewater determination the lower limit would have to be
picogram or better for determining these same explosives from
vapor sampling from bombs and warheads.

use of RAD-PAK A (C18) column and made 70-76% recoveries with a §§§

)
Pl

Krull and others applied HPLC in complex matrices including RO
post-blast residue debrist49?, A joint project between Israel .
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Police Headquarters Laboratoriea and Northeaatern Unjveraity
included daevelopment of the method, and study of various mobile
rhases from which toluene was tentatively chosen as best pending
full health effect studies and NIOSH raegulationa. Toluene is not
generally used by others as an HPLC mobile phase. Conditions for
detecting 2,4-DNT, 2,6-DNT, TNT, PEIN, NG, tetryl and other
explosives wore investigated. Retention times varied from 3.5 to
8.6 mir for 2,6-DNT depending upon the column typa, solvent used,
mobile phase composition, and other factors. The equipment used
wvas standard laboratory type instrumentation (virtually HPLC
aysten and any GC-ECD insatrument can be used). No attempt was
nade to miniaturize for field work.

A composition analysis for TATB/HMX/Estane was developed by
Schaffer tet?

HPLC~UV methods have &2lso been defined for quantitative
determination of RDX, DNT and INT in animal tissues and plants.
Detectionas at the 5 to 100 ng level were obtained. Tetryl could
not be determined from any of the mixtures as it adsorbed too
atrongly to protein or other macromoleculet42?,

Concentration of trace organics from water was worked out by
the Kaplans¢43’ who chose the primary and secondary products of
the microbial transformation 2,4,6-TNT. These were extracted
with SEP-PAK C-18 (Waters) Cartridges and quantitated with HPLC
down to 30 ng quantities.

At the FBI symposium a number of papers covered HPLC
anal yaes, Krull ¢44> compares the various types of detectors for
HPLC much as he also did for GC¢14’ for explosivea as well aa
with other aliphatic and aromatic nitro compounds and aliphatic
nitrate esters. Reductive liquid chromatography and
electr~chemistry detectors were used as well as a new technique
they developed consisting of post column, on-line, real time,
photolysis/derivitization generating organic nitrite from
virtually all explosives and organic compounds after they have
been eluted from the analytical HPLC column. The nitrite is then
detected via conventional thin layer flow-through electrode
detection in oxidative liquid chromatography-electro-chemistry
using single and dual cells in the oxidative and/or reductive
modes. Lower detection limits ranged from 25 to 200 ppb (or S00
pg to 4 ng).

The pendant mercury drop electrode (PMDE) detector was used
with HPLC for screening explosives componentgt43?  Detection
limits are quite good (2-20pg).

Use of ammonium picrate (Explosive D) in projectiles has
become obsolete with subsequent demilitarization by burning or
dump containment. The Bureau of Medicine and Surgery, Dept. of
the Navy, as response to its Assessment and Control of
Insteallation of Pollutant Programs at US Naval Station, set an
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interin target aaxisum contaminant level for nitrophenolas
including ammonium picrate and picramic acid at 0.001 mg/1l (1
ppb) . An appropriate analysis was therefore required for picrate
in ground water. Hoffsommer aad Glovert4e’ developed a

simplified liquid chromatography method using a modified paired
Ion Chromatography (PIC) method for the picric acid
determination. A Hewlett-Packard, Model 1084A, HPLC was uszed
with a 254 na UV detector and and RP-8 column (25 ca long and 4.6
ma ID) maintained at 40°C. Since polynitrophenoxide ion is not
retained it could not be separated without use of a reagent
(tetrabutylammonium phosphate) which being completely ionized
forms a nautral ion pair complex with the polynitro phenoxide
ion ia separated on the reverse phase (RP) column. Detection
level of 0.6 to | ppb was achieved.

Kissinger has conducted numerous studies on nitro
compounds¢4?? uging liquid chromatography with electro-chesistry
detection. He concludes it to be a viable approach for many
explosive applicationa. He cites advantages of using two working
eiectrodes to improve both qualitative and quantitative
results. Used either in parallel or in series, dual electrodes
provide many opportunities to study explosives hecause of the
wide range of redox properties involved. Some compounds are easy
to reduce (picric acid) and others (nitramines, nitrate eaters)

are difficult. Kissinger has provided a recent text‘(+®’ for a
very detailed review of this mode of detection in liquid
chromatography. Whitnackt¢®’ has also reaearched the electro-
chemical analysis field and developed many polarographic

procedures for analysis of nitroglycerine, TNT, HMX and other
materials.

A sub-discipline of high pressure 1liquid chromatography
(HPLC), Ion Chromatography (IC), uses an analytical column packed
with a low capacity ion exchange resin. The mobile phase is an
aqueous buffer solution which may contain an organic solvent as
mnethanol or acetonitrile. lons are partitioned between the ion
exchange resin and the eluent (mobile phase). Conductivity
detection is most commonly used as it responds to all ions in
aqueous solution. This method can be vary valuable in the
analysis of post blast residues and has bheen shown by Reutter et
al., 89 o have advantages over other techniques when the
ionic residues are volatile or electrochemically active.
Energetic materials such as ammonium nitrate, potassium
nitrate, sodium nitrate, potassium chlorate, potassium
perchlorate, barium chlorate, barium nitrate and strontium
nitrate, amines and their salts can be analyzed by high power
liquid chromatography-ion chromatography version. The material
sampled can be as vapor or from the solid. The method has been
used for water based explosives including such sensitizers as
ethylenediaminedinitrate and diperchlorate and values down to
0.5 ppm have been determined with linearity for quantitative
analysis between O and 15 ppm. The FBI laboratory is constantly
updating their information on commercial explosives so that when
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a new one comes on the market, if no adequate analysis method
suffices for FBI purposes, a research project is initiated to

develop one. Excellent review articles for ion chromatography
are given by Small et al.,t®1. 82> and by Williamst®2,
Interferents and capabilities are described in Dionex -

literature(54.88)

Barsotti et al.,(®8) have used the Wescan Model 26 ion
chromatograph with dual column and dual detectors for
simultaneous determinations of monovalent cations as sodium ion,
methylammonium ion, ammonium ion and of bivalent cations as
calcium ion, using dual conductivity detectcrs. They conclude
that ion chromatography can form the basis for a metheod to
control process and quality in the manufacture of water gel
explosives.

Rudolph¢®87> has used DIONEX Model 16 ion chromatograph for

determination and characterization of "low explosives” such as
black powder, potassium chlorate/sugar mixtures and the
commercial black powder and its substitute, Pyrouex.
Conductivity detectors together with electrochemical and

ultraviolet-visible spectrophotometric detectors were used.
These materials could be detected from their burned residues.
There is no evidence, however, in the last tv> references that
ion chromatography is sensitive to less than parts per million.

GC/MS has been discussed as possibly the ultimate method of

vapor detection and specific identification. Yinon ¢®&»

indicates certain circumstances where LC/MS can be used while
GC/MS 1is not suitable. Thermally sensitive or non-volatile
compound exemplify such cases. LC/MS alsc has some interface
problems between the liquid at high pressure and the reduced
pressure of the mass spectrometer. Special interfaces have been
designed, some of which are commercially available. One such

interface splits the LC effluent so only 1 or 2% enters the mass
spectrometer through a 5 micrometer aperture in a stainless steel
diaphragm. Sensitivity is of course reduced wusing such an
interface by a factor of 50-100.

Powermex and Tovex, commercial blasting agents have been
confiscated in labor-related bonbing incidents. These materials
are sensitized with ethyleneglycol mononitrate (EGMN) and
monomethylaminenitrate (MMAN) . Prime and others(®®? have
described detection methods using HPLC. Large samples of MMAN
can be determined by X-ray diffraction and infrared
spectrophotometry. Smaller samples are more difficult although
spot tests and GC and derivative HPLC have heen suggested. Prime
et al., selected derivitization (using Dansylchloride as
derivitization agent and folleowing with separation by HPLC) for
method development. Advantages of derivitization in
chromatography were explained in an earlier report¢i’, It
effectively provides sensitization for the type of detector used
as well as better separation in the chrcmatographic option
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chosen; Recovery of EGMN was also found enhanced by a four fold-
factor by using a 55°C purge of the explosive Jdebris.

HPLC is often used with infrared detection specific
materials as the IR spectrum can often be considered positive
evidence for identification of specific compounds. The Fourier
Transfrom-Infra-Red Spectroscopy (FTIR) is a powerful tool for
this. The resultant spectrum is compared with reference spectra
via computer library search of various standard explosive IR
spectra. Riddel et al., ¢®°? have taken head space concentration
samples over axplosion debris as well as solvent extracted
material and analyzed using HPLC-FTIR which greatly improved
selectivity over HPLC alone with UV detection at 254 nm. Using a
Varian Model 5000 Chromatograph (HPLC) with a Nicolet 7199 FTIR
with a KBR-GC beam splitter and including a laser-referenced
Michelaon Interferometer with absolute wave number accuracy
specified to better than 0.01 reciprocal centimeters, on-the-fly
real time measurz2ments were taken using the FTIR to monitor
several absorption bands asimultaneocusiy in real time. Complete
IR spectra were also storable for future use. Detection using
these techniques is unfortunately only at the microgram level and
although very useful when sufficient explosive is present as in
terrorist bombing residues, does not at present represent a
viable method for detection of less than picogram quantities
which would be required for analysis of unconcentrated vapors
over moet sealed ordnance such as homhs and warheads.

Smokeless powders have been the focus for detection by FBI
Laboratory s Bender¢®1’> with tandem ultraviolet/Thermal Energy
Analyzer (TEA) detectors. Diphenylamine, 2-dinitrodiphenylamine,

N-nitrosodiphenylamine, nitroglycerine, 2,6-dinitrotoluene and
2,4-dinitrotoluene have been separated, identified and their
relative quantities used to characterize the gun powder.
Detection was found possible tuv the low nanogram range. This is
still more than three orders of magnitude too high a
concentration for the very low levels we require to determine
explosives in bombs, Its usefulness in the present state is that

the method is powerful enough to differentiate between ball
powders of the same components differing only in percentage of
ingredients, and in DuPont IMR (Improved Military Rifle) single
base powder, it is identified and distinguished from others in
the IMR series by the reiative ratios of lesser components 2,6-
dinitrotoluene, N-nitrosodiphenylamine and n-butylpthalate.

Majors ¢82> reviews general trends in HPLC usage lLased upon

a survey of 200 users responding early in 1984. Reverse phase
HPLC, making use of water and acetonitrile, is used more than
other types. It is used primarily for nonpolar and hydrophobic
compounds and has increased in popularity because of its
application to ionic and ionizable compounds through ion-pair,
ion suppression, complexation, and other 1ion interaction
techniques. Other HPLC modes are used mainly for more

specialized applications svch as thkose involving water sensitive
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compounds, isomers, polymers, and metallic ions. The lifetime of

. HPLC columns is gradually increasing, and that for reverse phase
chromatography on octadecylsilane bonded-phase columns has
increassd from early times life of two months to from six months
to a year and some columns have been observed to have been used
much longer than this. Batch-to-batch variation in columns can
be a problem. In some instancea standardization is required for
similar peak dimensions with each new column.

Dolant®3> reviews theoretical plates in HPLC columns which
with S m packing typically run from 60,m00 to 100,000 and for 3 m
packing, 150,000 plates may be available. He relates total
} variance to the sum of variances due to column, injector,
! detector and tubing.

The Appendix 1I¢1? contains a profile of various explosives
and anal yses available using liquid chromatography/electro-
chemistry for qualitative and quantitative analysis as present by
Biocanalytical Systems, Inc.

D. BIOCHEMICAL METHODS

1. Enzymes and Related Methods Using a Chemilumineacence
Output Signal.

The use of chemiluminescence in explosives detection has

heen studied in different ways by several groups; detectors have

been made which are sold commercially. Antek, Houston, TX has an

instrument detecting TNT at the ppm level. Therma Electron

Corporation, Waltham, MA alszo has an instrument available. Antek

instrument will not determine explosives at levels we require

(vapors from closed bombs or other ordnance) ‘e, The Antek

instrument, however, may be suitable for analyzing for liquid
propellant mixtures of the types developed at BRL.

The Los Alamos National Laboratory has an interesting study
going on chemiluminescence reactionst®4’, Tie project centered
on detecting high explosives at nuclear power reactors to thwart
terroriat activity. The HE analysis developed relies on coupling
the chemistry of the HE with that of the luminol
chemi luminescence reaction.

(o) Private communication from Randy Wrsyford of Antek to
Harold Gryting. '

k4
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The accomplishmentg of LANL program are cited asgt6s>,

1. Success in coupling HE and CL chemistry reliably.

2. Capability to use a micellized solvent to
concentrate HE.

3. Establighment of the basis for design
instrumentation that may exhibit hetter sensitivity and
lower levels of detection than exhibited by the
laboratory apparatus used for this study.

Heller tss,e6) and others have studied methods for
determining explosives in water. A system using fluorescent
ionic resins was used to detect TNT and similar nitroaromatics.
They indicate development of luminescent methods requires finding
chenical reactions from normally non-luminescent explosives that
either produce 1light, produce products which produce light or
quench other chemiluminescent reactions. The break down of
explosives to nitrogen dioxide which yields inactive nitrogen
dioxide plus a photon was studied and this technology later
became the basis for the instruments previously described. Other
reactions including thorium oxide catalyzed oxidation of CO and
the metal reduction of CO were investigated. The photochemistry
of TATB was also studied.

Chemiluminescence has been used by Rhoton 7’ to determine

presence or absence of a reaction duringy machining and related
operations for plastic bonded explosives.

Dr. Heinric: Egghart<e®> yged the coupling of a light
emitting indicator reaction (chemiluminescence! with reactions
specific to THT or DNT which are facilitatéed by &#r antibody or an

enzyme.  Appendix II of ruference 1 "provides D». Egghart'’s
descrintion. The laboratory wcrk is done by :lhe University of
Califor.ia_ ’‘Lwr., Marlene Deluca). The beut detection is 10-17

aote of TNT (see Apgendix II of reference 1) equating 2.3 x 1018
g of TNT which is about two orders of magnitude better than that
of on-the-shelf gas chromatographs. Unfortunately, this method
wiesaents dif{iculties in obtaining for the reaction a detector
suitable for fieid  wuse. Another technique, howaver, also
biocchemical in origin and wusing "TNT reductase” enzyme for
spacificity and bacteria fed on TNT used to synthesize the enzyme
is being considered for use in a small portable instrument.
Change in NADH level (which occurs by consumption by TNT
presence) 1is shown by change in luciferase light emigssion. About
10-14 mole of TNT can be detected which translate to 2.3 x
10—12 gram of TNT as minimum detectability level which
untortunately is from borderline to an order of magnitude or more
too large for our detection purposes and about the same

sensitivity as gas chromatography with electron capture
detectors.

1206

R T P PR MR M A Rt et RS L w SALTR LS4 SR s M 4 M b ML LM & A s e sotssee s s o

;



L TR U r— R T o T e N— = oy —

“ 2. Animala aa Detectora of Exploaives.

In reference 1 the vuse of dogs, rats, gerbils and other
animals was briefly described including tests pitting dozs and
handlers against instruments with their operators. Discussions
with Dr. Ray Nolan of Fort Belvoir R & D Center revealed that the
Army is no longer continuing the study in which rats were being
trained to reveal the presence of explosives from direct brain
wave pattern transmission to an appropriate oscilloacope. This
was one of the most intricate of the many studies involving
animals. '

The effort on rats from Fy76-FY81 is given by

Nolan ¢6®> These experiments were devised to improve the
reliability and versatility of +that clasas of detez ' or system
currently known as in vive bio-sensor. The target s.-atance of
interest in this research was the military explosive TNT. The
; research was designed to prove and did prove the validity of four
y theses: (1) Rats can detect TNT via their olfactory function;
‘ (2) Trained rats will operantly signal the arrival of TNT vapor
at their nares; (3) Rats may be trained en mass to function as

bio-sensor systems; (4) The electroencephalogram (EEG) of
trained rats contain specific signals uniquely related to their
awvareness of TNT vapor. Ablino male rats were equipped with four
chronic indwelling brain electrodes, three of which were

electroencephalograph (EEG) pick-off electrodes juxtaposed to the
dura mater, while the fourth lead was a stimulus electrode
embedded in the medial forebrain bundle (MFB). Electrical brain
stimulation (EBS) was applied to the MFB (which has been termed a
pleasure center), as a conditioning stimulus during training and
reinforcement sessions. Subjects were first conditioned by
i operant methods to associate the presence of TNT vapors with EBS
i and to signal awareness of the target substances by treadle
pressing. Properly conditioned rats can, in fact, be utilized as
sensory elements in bio-sensor explosives systems.

Gerbils are still under investigation at the University of
Toronto with Dr. Biedermann‘®’, They are reported to be able to
work an eight hour shift whereas dogs normally rest after a much
shorter time. One file drawer of gerbils used in conjunction
with electronic reporting of their findings has been found to
work well at airports. We are not aware of any recent in depth
study of gerbils for detecting sealed explosives.

Smitht7o indicates the use of dogs for explosives
detection in the protection of nuclear plants. By developing a
test area for dog and handler, flushing between tests and

regulating scent entry rate, detection at the 90-95% level and
false alerts at 4-7% range were achieved. On commercial dynamite

with 720 +trials a 100% detection rate was achieved with 1.9%
false starts.
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Dean and Tomlinson:t7t? at SwRI describe the progressive
learning sequence that trains dogs to become sensitive,

communicative detectors of vapors. The dog then becomes

portable, mobile biological vapor detector. The paper indicates

that a trained dog has the sensitiveneas of at least
femtomole (10—1®) which for TNT is 2,3 x 10~ gram or

an order of magnitude better than most of the better instruments

available. The reason for such sensitiveness is easier
imagine in noting that a German Shepherd has 2 x 10-®

olfactory receptors and that each cell has 125 cilia giving a
total ciliary surface area of 7.85 square meter which is several
times the dogs surface area. One molecule of a certain vapor was

noted to be sufficient to stimulate a single olfactory cell.
studies with EGDN most dogs were insensitive beyond 10-34
mole or 1.6 x 10~i2 gram; however, one dog sustained a 98%
efficiency rate at 10-27 mole but gave no indication of
detection of EGDN vapor at 10-*® mole (1.6 x —27

gram). Dean has cited Russian literature from 1958 that notes
that dogs receiving caffeine or amphetamines under certain

conditions showed much enhanced detection sensitivity.

drugs.

Gryting.

Gryting.

enhancement was said to continue for eight hours. Two to three
orders better sensitivity were reported for those given caffeine
or amphetamines. Training of dogs also continues at the Lackland
Air Force DBase‘<’, San Antonio, TX. They are flown to various
locations in response to needs for detection of explosives or

() Private communication from Dr. G. Biedermann +to H.J.

te? Private communication from Sergeant G. Wilson to H. J.



D. OPTICAL

1. Infrared (IR) and Fourier Tranafer Infrared (FTIR)
Spectrometry.

The Chenmical Systems Division, Edgewood, APG, MD has
sponsored contracts concerning development of instruments that
take advantage of the small differences in temperature between
the target material and its background for the detection of
chemical warfare agents!®>, Passive LOPAIR for Long Path
Infrared and a later developmental model, the XM21, are described
together with derivation of equations and diagrams depicting
principles. A list of some remote instruments used on space
missions is given as: IR Filter Wheel Spectrophotometer; UV
diffraction Grating Spectrometer for Water Vapor Determination;
UV Spectrometer with Grating Monochromator. These have all been
used in one or more spacecraft.

Of further interest is the fact that for examination of
harardous materials in a field environment, the remote passive IR
anulyzer was one of two recommended methods for further
development ir the future. (The other as indicated under gas
chromatography was gas chromatography with mass spectroscopic
identification.) In gathering IR spectra for most of a list of
115 hazardous materials it was determined that over 90/ of the
materials could be determined by means of IR spectra
measurements.

E. SENSOR COMPILATION

Nortont72? has compiled relevant information on:
instrumentation systems, transducer fundamentals, solid
mechanical quantities, fluid mechanical quantities, acoustic,
thermal optical magnetic, electrical, nuclear quantities, sensing
methods, design, and operation. In addition, descriptions of the
var ious analyzers for chemical properties and compositions
covering many of the instrument types discussed in this paper are
explained in principle,. these condensed summaries aid in
selecting options when designing new instrumenta for specific
purposes.

CONCLUSIONS AND RECOMMENDATIONS

Of the vapor detectors, gas . chromatography with electron
capture detection supplemented by mass spectroscopy appears to be
the farthest along; there being versions described herein which
have high detectability and with use of concentrators to be
developed may be close to desired detectability for sealed
bombs. On-the-fly measurements would still be slowed by the need
for placing the concentrators ahead of time. Negative chemical
ion mass spectrometry, successful in identifying nitro




polycyclic aromatic compounds, has been suggested as the possible
best selective system for positive explosive identification.

The NASA work has accelerated miniaturization of Gas

Chromatography/Mass Spectroscopy detection instruments. Man
portable instruments were made for space satellites that weigh
about forty pounds. The relatively new capillary columns and

reduced dead space measurements seem a good way to obhtain samples
especially from explosive detonation residues.

Miniaturization of an JIon Mobility Spectrometer which has
recently been reported to be sensitive to one picogram in a
microprocessor—-controlled saystem weighing uander thirty pounds is
another likely possibility for future datection especially if
even greater sensitivity can he achieved.

Use of enzymes in detection together with chemiluminescence
holds promise of better specific response to TNT than has been
achieved with the available detectors. for this to be practical
for a large range of explosives, either a more general reaction
applicable to many explosives or many specific enzymes wcach
developed for wuse with its own explosive compound would be
required, As long as TINT or compositions made with TNT are
present in mines, the Army may find the TNT specific enzyme
system high desirable, however, the Navy, having large amounts of
PBX materials in warheads cannot be locked into one such deteclor
or detecting mechanism.

Little new material on insects as explosives detectors was
found. Very early work had indicated great promise, however
later work tended to indicate that insects have not been studied
for training them as gerbils, rats, pigeons and especially dogs

have been trained. The way ants can migrate over distances to
ferret out food suggest that 1labeling with food smelling
substances might produce another useful detection system

especially for shallow buried items. Placentious suggests that
insects may be the most sensitive of all detectorgt<?,

Dogs have held their own against instruments with occasional
dog sensitivity showing up as high or higher +than the
experimental techniques involving conventional detectors or such
other bio-sensor systems as enzymes with chemiluminescence.
Contrary to some previous information, dogs can be trained to
work 12 hours with 10 minute breaks at hourly intervals. One man

and his dog searched the Notre Dame Field House in 12
hOUl‘S: () page 213.

e ——— - ———— . ——— ——— — —— -

Private communication from Bob Placentious, National Bureau
of Standards to Harold Gryting.
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, 1) It is recommended that an R&D program for
| detection of explosives in Mark 80 series bombs and in other
prioritized weapons be initiated.

(2) It is recommended that an instrument based on
chromatography and mass spectroscopy be developed with detector
sensitive to femtogram quantities.

(3) It is recommended that methods be investigated to
provide small orifices in weapons for examination of explosive
vapors or for use with other NDE methods to be discussed in a
separate paper‘i?,

5 (4) It is recommended that a pump-tube or other self-
: contained sampling device designed to a*tach with a vacuum-tight
: seal over threaded sections of loading ports of warheads and
bombs be developed for ease in securing sufficient quantity of
vapor samples.

; (5) It is further recommended that acetone wash
. techniques as described in reference | be studied in detail for
: at least the top ten important ordnance items.

| More recent studies with explosives debrias also show
; solution in acetone as a very good method tc dissolve explosivesa
| for detection by Gas Chromatography/Electron Capture Detector and
i and/or Gas Chromatography/Mass Spectroscopy.

“ With respect to assessment of feasibility of determining

presence of explosives material within cased ordnance from in
field tests, we pose the question:

What is Feasible and What is Not?

’ It is feasible to detect explosives in open warheads
"with science and technology available today.

. It may be feasible to detect cased munitions including
sealed bombs and warheads provided sufficient vapor can
escape through the threaded sections. (This may require

that improved laboratory instruments be made portable.)

Furthermore, shoule insufficient vapor be escaping
naturally, a hole could be made which would allow detection
by vapor detectors (or by non-vapor type NMR detector.)

. A possible alternative is to develop and apply a
concentrator of vapors which applies suction at the threaded
loading port.

What appears not feasible is the detection and
identification of sealed warheads and bombs using currently
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available small (man-portable) detectoras on an on—-the-fly basis
without a sampler for sampling and concentrating the vapors to a
detectable concentration. In fact without such a
sampler/concentrator the =most sophisticated laboratory vapor
detector now marketed will not detect vapors directly from cased
munitions such as the Mark 80 serieas bombs and some of the
warheads described bheforet?’, Table I, 1I, III give examples of

the detectability by some suvch inatruments. With a
sample/concentrator device and/or with capability to make safe in-
field samall openings in a bomb or warhead case the feasibility of
detection of =everal explosives could be reasonably assured.
This could be accomplished by using availabie instrumentation,
which would certainly appear feasible. Alternatively,
instrumentation designed, from information thal is state-of-art,
to be used for ordnance to be found on bombing or missile ranges
could provide the kind of instrument most needed for groups
involved in range cleanup and range safety.

The problem of unexploded ordnance escaping recognition and
being found by children who at times cause an accidental and
sometimes fatal explosion to occur has not been totally overcome
as Appendix V San Antonio Express News of January 29, 1984 %>

reports. Another incident reported ir the Express New concarned
a shall, handled in a rilitary school, exploding and killing
sevevral peopla. This one was thought to be inert and had been

hendled in classes several times.

Terrorists’ bombings, the bombs remaining undetected in time
to prevent detonation, occur at frequent intervals around the
world. Appendix VIt®? covers the bombing in the Montreal train
station by terrcorists. Development and use of proper irstruments
together with trained dogs, and possibly other trained animals,
together with trained personnel and education of those involved
with our transportation system should reduce and help eliminate
both accidental and terrorist caused detonation. Terrorism can
be reduced also if those who plan those activities can be made
_ aware that their bombs will be detected. The manned vehicle

crash detonations occurring in the past should also be reduced by
( ensuring that the area near the embassies or troop concentrations
are kept under observation by TV camera and by the most sensitive
explosives detectors we can develop in the near future.

The conclusions and recommendation of reference 1
representing earlier work both experimental and an analytical
review of detection concepts and instruments are subscribed to as
continuing to be viable. There are some obvious things we can do
and these will help us to detect more explosives and to
differentiate them better from inert stimulants

We have noted the development of many new instruments and

\ improvement of a few of those that have bheen commercialized or
y that have bsen under development for extended periods of time.
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Information available on chromatographic methods leads us to
believe that we could start with the technology described herein
plus that from recent symposia and reference | and construct a
datection system (GC/ECD) which will be man-portable, and with
development of proper accessories and program, it should then
become feasible to detect the vapor from explosives inside of
sealed bombs and warheads without wmoving theam to evacuation
chambhers.
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I. Introduction

\\\:gthe U.S. Army Corps of Engineers, Huntsville Division recently completed a
contract for an Explosive Ordnance Disposal (EOD) Surface Sweep of the Hawthorne
Army Ammunition Plant (HWAAP), Nevada, New Bomb Open Burning/Open Detonation
Grounds (OB/0OD) This is the first EOD contract operation of this type ever

'ﬂe Corps of Engineers,

“?W
he scope of the contract required the location and rendering safe of

approximately 5000 tons of ordnance fragments and 25,000 items of unexploded
ordnance. This was a manual labor intensive operation under the direct super-
vision of civilian EOD qualified supervisor&b

¥he completion of this project has demonstrated that what was once an
exclusive military function can be done in a safe and effective manner by
civilian forces.

II. Background Information

Hawthorne Army Ammunition Plant is a government-owned/contractor-operated
(G0/CO) facility located on 154,000 acres of Federal land south of Walker Lake
in Mineral County, NV. 1Its mission includes loading, storing, maintaining and
demilitarizing military munitions.

The New Bomb open burning/open detonation area is located 19 miles south of
Hawthorne City limits on Nevada State Route 31. The area is within the Toiyabe
National Forest and is leased to the Army by the U.S. Department of Agriculture.
The actual leased area is approximately 800 acres.

The New Bomb Area is situated in a deep box canyon, which is a section of
the Wassuck/Anchorite Hills, This area is where all open detonation of high
explosive ordnance occurred.

Ac part of routine operations, DOD produces, stores, and uses large
quantities of munitions and explosives. Each year, large quantities of these
materials must be dispused of as waste. These wastes include out-of-date
explnsives and propellants, items in storage or manufacture which have failed
quality assurance tests, out-of-date and obsolete munitions items, and any
unsafe munitions items, components or explosives. Other relited wastes also
include materials which may have beccme contaminated by contact with these items.
At present, OB/OD of explosive wastes are the most effective means of destroying
many items, decontaminating large metal objects, and reducing most combustibles
to a smaller volume. OB/OD is the most economical and in some cases, the only
safe method currently available for the effective destruction, decontamination,
and reduction of explosives and explosive wastes.

The OB/OD operations have been conducted at the New Bomb site since 1947.

These grounds were operated by the Department of the Navy from 1947 to 1977 at
which time ownership was trznsferred to the Department of the Army and the

1226

LM L O
M _,5?;‘?5 '!.ﬁt. A

=




ordnance, munition and exploasive items were destroyed at this site during that
time frame., Although disposal procedures were to prohibit kick-out of items
that were destroyed by demolition, large quantaties of fragments, intact
unexploded orcnance and bulk explosives could be found throughout the site.
This condition presented an undesirable environmental condition as well as a
safety problem to the personnel operating the site and to the general public
which had easy unauthorized access to the area.

. grounds were continued for this use until the fall of 1984. Numerous types of

III. Discussion

: A competitively negotiated service contract was awarded to UXB International

; Inc., Washington, D.C. on 1 July 1985 to perform the EOD sweep. The

| qualifications of the contractor required that they have previous EOD work

? experience and that all management and supervisory personnel be Naval School,

‘ Explosive Ordnance Disposal, NAVSCOLEOD, Indianhead, Maryland trained and
certified to perform all operations necessary under the contract.

Prior to any ordnance operations on the site, the contractor was required
to submit for approval Technical Plans, Management Plans, Safety Plans and SOP's
to address all phases of the projected work. This was necessary to ensure the
} safety of all personnel during work activities and define management structure,
: responsibilities, work procedure, training, operating procedures, etc. during
t performance of the contract.

required to divide and mark the entire range into sectors and grids. This was
. required to measure the project progress and provided a basis for project
| completion payment. The methodology used in sector definition was to establish
search/sweep sectoys utilizing the natural or man-made boundaries (i.e., roads,
fire lanes, mountain peaks and valleys). A total of forty (40) sectors were
identified as shown on figure 1. In order to estimate the level of effort
required to sweep each of the sectors preliminary surveys were performed to
estimate the level of scrap metal ::ontumination expressed in numbers of items
per square feet of area.

b As a part of the preparation of the technical plans, the contractor was
{

Tn support of this project the contractor established facilities within the
city of Hawthorne and at the site. The main office was located at Hawthorne
and served as the recruitment center and Program Managers' office. The site
field trailor served as the command post for the field work, first aid station,
radio station and equipment station. Other equipment and materials required
to support the project are shown in table 1.

Sweep Procedures

The initial EOD sweep of areas was conducted by EOD qualified personnel.
This sweep located and marked the explosive material and identified those
items that were to be destroyed in place. These sweeps were normally conducted
on Saturdays or after the general labor force left the range. Those ordnance
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. Table 1

Equipment Requirements

Facilities

Explosive Storage Magazines (2)
Maintenance Trailor (1)

Pallet Weighing Station (1)
Sani-Huts (6 to 10)

Equipment

| [T-28 Forklift
Lift All Forklift
: Rough Terrain Forklift
| 5 Ton Truck
10 Ton Truck
| Jeeps (2)
; Chevrolet Suburban (2)
i Honda & Wheel Cycles (2)
| Honda Trailers (2) '
E Portable Generators for Radio Transmittors
| Water Tanks 1-300 gal., 1-1000 gal.
Fuel Support Tanks 500 gal. (2)
Radios
Portable (AM) - 7
Base Station (HF) -1
Portable Radios (HF) - 8
Repeater Station (HF) -1

Miscellaneous Equipment

Safety Glasses

Hard Hats

Rakes

Wheelbarrels

Fire Fighting Equipment
Picks (6)

Shovels (20)

Buckets (300)

Gloves (50 Doz.) -
Safety Rope o
First Aid Equipments ¢
Water Coolers (16) \

:
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items that could be moved were placed in designated pallets for UX0O and trans-
ported to the detonation pits for destruction. Those items to be destroyed in
place were conspicuously marked for later destruction.

Follow-up sweeps were conducted by teams consisting of an EOD qualified ;
team leader and laborers. These “cams performed sweep operations using
standard military EQOD line abreast procedures. Spacing depended on the
density of fragment, ground cover and terrain of the area. Any ordnance
located during this follow-up sweep was flagged for later removal or destruction,

As a quality assurance measure, check sweeps were performed prior to
government inspection. When the site supervisor was satisfied that the clear-
ance was complete, governmental inspection was requested for sector sweep
acceptance.

Sweep Effectiveness Probability (SEP)

The structure of the scope of work required the contractor to clean up
all visible fragment greater than one inch in length in any direction and to
locate and render safe all unexploded ordnance and explosive material. From
this standpoint, the contractor was required to achieve a SEP of 100 for the
entire range. This method was somewhat contrary to military ordnance sweep
projects where a desirable SEP is established usually 80 to 90 and the area
is swept until that SEP is accomplished at which time the ‘area is considered
clean.

Prior to this project completion it was decided to collect some data on
sveep effectiveness from three different areas of approximately equal size
but with varying terrain, ground cover and level of contamination. The three
sectors were selected and were swept based on the following:

Sweep 1: EOD sweep for potentially hazardous items. Time, personnel,
item number, and item types were recorded.

Sweep 2: Clearance sweep; scarch line with one EOD supervisor for every
10-15 laborers. Time, personnel, pounds of scrap, and EOD item
number and types were recorded.

Sweep 3: Check sweep; search line with one EOD supervisor for every 10-15
laborers. Time, personnel, pounds of scrap, and EOD item number
and type were recorded.

Sweep 4: Inspection sweep; the technical escort representative of the
contract officer swept the lane with the site supervisor and
one laborer. Pounds of scrap and EOD items and types, if any,
were recorded.

Search Effectiveness Probability (SEP) was calculated as the ratio (X)
of pounds of scrap collected on Sweep 2 to total pounds of scrap collected
on all the sweeps. These SEPs ranged from 93.6 to 97.6. Separate SEPs were
also calculated for potentially hazardous items using the ratio (X) of items
collected on Sweep 1 to all hazardous items collected. These SEPs ranged from
20 to 83, but were not considered particularly meaningful since the searcher
spacing interval was large (6 to 18 ft.) and the EOD searchers were confident
that any UXO that was missed would be identified on subsequent sweeps. A
comparison of this data with other sweep projects at Kahoolawe Island (Ref 1)
and Cuddeback, CA (Ref 2) is shown in Figure 2.
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SECTOR

(# of Grids)

A(14)
B(9) .
C(26)

- D(23)
E(37)
F(5)
G(25)
H(Y2)
1(70)
J(71)
K(68)

"L(6)

[ M(93)

" N(23)
0(80)
P(30).

U Q(a2)
| R(12)

$(18)
T(12)
Lu(1)
v(20)
W(l1l)

. X(16)
Y(13)
£(7)

- AA(T)

.. BB(3)

CC(T)
DD(8) .
EE(4)
5F(6)
GG(6)
HH(9)
11(2)
JJ(18)
KK(25)
LL(28)
MM(6)
NN(14)
VARIOUS

SUBTOTAL

OPTION A
OPTION B

TOTAL

AREA

(SQ. FEET)

660000
150000
650000
800000
1100000
22000
505000
1760000
1070000
1440000
1200000
85000
1100000
850000
800000
420000

970000 .

370000 -
900000
1200000
300000
820000
1760000
1060000
700000
420000
660000
190000
250000
700000
760000
1950000
820900
1180000
225000
1100000
138808¢C
1470000
580000
280000
0

32365080

1524600
5314320

39204000

Fragment and Ordnance
Sector Tally

SCRAP
(POUNDS)

8084
256
70520
134876
269916
3095
77440
1063546
418363
754528
439158
10273
615773
440793
603852
366647
390363
76462
269794
319221
0
27186
732044
396091
35792
86782
5822

0

2394
8526
55562
54377
18136
447358
74370
260172
147380
51184
4083
8150

0

8748369

36179
0

8784548

* 4722 are Base Fuzes and are not counted as UX0
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IV. Surface Sweep Data

The execution of the contract was completed in 228 days. This included
mobilization, preliminary surveys, sweep time and demobilization. Personnel
levels excluding management varied from 40 to 150 laborers per day. (Contract
requirements limited no more thanm 15 laborers for each EOD supervisor.) Actual
sector quantity amounts and ordnance types are shown in Figures 3 and 4. The
average sweep rate for the project area was 0.05 acres/man-day which is slow
compared to that at Cuddeback (Ref 2) of 0.58 acre per men day. This was to
be expected since the contamination of HWAAP averaged over 12,000 lbs. per acre
compared to that at Cuddeback of 2500 lbs. per acre. There were nearly 4000°
pallets required to containerize the fragment. The final value of this contract
was approximately $2,500,000 for an average of $3,125 per acre. This valne
is consistent with those costs identified in Ref 3.

V. Conclusion

The HWAAP New Bomb OB/0D Surface Sweep Project was successfully completed
utilizing civilian forces operating under standard EOD military techniques.
This project has demonstrated that where the need exists for ordnance cleanup,
civilian forces are capable of performing the work. This capability will _
prove essential to the Department of Defense in the execution of the environ-
mental restoration of present and formerly used ordnance sites.
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UX0 Quantity Tally

. JTEMS , AMOUNT

AP Rounds 12

Base Fuzes 8674

Base Fuzes w/Dets 460

‘BD Fugze 1

Boosters (Various) 949

Booster Lead Ins 1

( Burster Tubes 136

Cads : 937

Detonators ' ' 35

Explosive Cartridges 227

FAH 30-53 1

Flare Ignitor ° 1

FMU 851B 1

HE Filled Rounds 2

Hedge Hog 1

Misc. Fuzes 419

Misc. Ordnance Items 811

M43Al1 Blue Bomblets ' 2

M82 Bomb Nose 1

M83 Butterfly 1156

v . - M100 Series Fuze 2

o ' M103 Fuze (Nose) 4
M125A1 Booster 2

M344 PIBD Fuze 1

n904 Puze 2

Mk 10 Army Device 1

Mk 44 Booster 27

Mk 230 Fuzes 58

SRR Mortar Round 2
' ' Nose Boouster 4
1 Nose Det Fuzes 66
‘ PD Fuze 5
L Practice Depth Charges 3
, Primers 134
l Propellant Booster 1
Prnpellant Canisters 2

’ Propellant Cartridges 2
Svecial Fireworks 4

5QS. 1

Figure 4




UX0 Quantity Table (cont'd)

ITEMS AMOUNT
2.75 Rocket Fuze 1
2.75 Rocket Motors 1
2.75 Rocket Warhead 2
3" APHE Projectile 5
3" HE Projectile 285
» 3"50 HD Projectile 44
; 3.5 Fuzes (M404) 232
; 3.5 Rocket Motor 450
E 3.5 Rocket Motor & Fuze 79
f 3.5 Rocket W/H & Fuze 1
? 3.5 Rocket Warhead 16
; 3.75 Rocket Moror & Fuze 1
E 3.75 Rocket Warhead 220
§ 5" ME Projectile 137
: 6" HE Projectile 217
ﬁ 8" HE Projectile 123
P 16" HE Projectile 1
20mm HE Round 126
221b. Frag Bomb 38
37mm HE Round 11
40mm HE Round 53
50mm HE Rcund 9
75mm Mortar 1
8lmm Mortar . 34
1001b. Bomb (old style) 2

106 Round 5
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SUPPRESSION OF PROPAGATION BETWEEN STACKS OF BOMBS

KENNETH R. SHOPHER

EDWARD M. JACOBS

AD-P005 352

EXPLOSIVES SAFETY BRANCH
AIR FORCE INSPECTION AND SAFETY CENTER
NORTON AIR FORCE BASE, CALIFORNIA

\ ABSTRACT
ests were conducted to determine if propagation could be
prevented between stacks of MK 82 (500 pound) and MK 84 (2000
pound) bombs in storage. The effects of four variables were

exploredq; orientation of the bombs, fuze well protection,
distance between stacks of bombs, and placing material between
stacks of bombs. A total of 19 tests have been conducted and

conclusively prove that propagation between stacks of bombs in
storage can be prevented.

1237

%
g




- T R Y L B T W A AT W 7 AR——" . ~S——. —

BACKGROUND

Limited availability of land area for munitions storage at
overseas bases, coupled with civilian encroachment, and the need
to build additional facilities on available land has placed
constraints on munitions storage capabilities. Many structures
which can physically hold as much as 500,000 pounas of explosives
are limited to 60,000 pounds or 1less by quantity distance
constraints. One method of increasing the explosives capacity of
limited structures is to place stacks of bombs in a structure in
such a way that if one stack of bombs detonates the other stacks
of bombs will survive. 1In this manner the maximum credible event
(MCE) can be reduced to one stack of bombs and consequantly
required safety distances can be reduced.

TEST APPROACH

Two mechanisms are known to cause propagaticn between bombs,
shock from the impact of high energy fragments and pressure/shock
from blast. The easiest method of limiting pressure was to limit
the size of the stacks of bombs. Consultation with Dr. Jerry
Ward of the DDESB revealed that 60,000 pounds net exploisives
weight (NEW) was a conservative upper limit. We restricted our
test to the 60,000 pound range. 1In order to reduce the effect of
high speed fragments, material, which we will call buffer
material, was placed between stacks of bombs. Buffer materials
were limited to other munitions items and bomb components since
they needed to be stored in the munitions areas in any case.
Most fragments come from the sides of bombs, therefore the number
of fragments transmitted from one stack of bombs to the next can
be reduced by orienting the bombs so that the nose or tail of
bombs in one stack are oriented toward the nose or tail of bombs
in the other stack. Three stacks of bombs were used for each
test; a center stack which we will refer to as a donor stack (in
which one bomb is intentionally detonated), and two acceptor
stacks which are the targets for the fragments.

MK 82 TEST SERIES

OVERVIEW

This test series was conducted in 1985. The goal was to
determine if buffer material would prevent propagation between
MK 82 bombs in storage.

TEST 1 (fig. 1)

The goal of this test was to determine what would happen to
bombs in a normal storage configuration when one bomb in the
donor stack was intentionally detonated. We were reasonably sure
all bombs in the donor stack would detonate and the detonation
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would propagate to the other stacks, but it was necessary to
verify this before proceeding with the test series. The donor
stack consisted of 108 MK 82 bombs, the acceptor stacks each
consisted of 12 MK 82 bombs, and the stacks were separated by a
nominal 30 inch aisle space. Bomb nose and tail fuze wells were
protected only by plastic shipping covers.

All bombs detonated.

TEST 2 (fig. 2)

This was the first test using buffer material. The donor
stack consistecd of 108 MK 82 bombs, the buffers were one row of
20 MM TP ammunition and one row of CBU 58s. 12 MK 82s were used
in each acceptor stack. Acceptor bombs were boosted and fuzed as
we felt this represented the most sensitive configuration for the
MK 82.

The 12 bombs on the 20 MM side ¢of the donor survived. One
bomb on the CBU 58 side functioned low order, the others
survived.

TEST 3 (fig.3)

This test was designed to be more representative of MK 82
bombs in storage. MK 82s were in their standard storage
configuration (plastic nose and tail fuze well protectors). TWO
rows of 20 MM TP were used as the buffer on one side and 7 rows
of MK 15 fins on the other. The acceptor stacks were 36 MK 82s.

All bombs in the acceptor stack on the MK 15 fin side
survived. All bombs on the 20 MM side detonated.

We were unable to understand what caused the failure of the
bombs on the side buffered by 20 MM. We had gone from the more
sensitive fuzed bombs and one row of buffer material to the less
sensitive unfuzed bombs and two rows of buffer. We had, however,
increased the size of the acceptor from 24 to 36 bombs which
increased the number of targets for fragments. We decided to
continue the test series using 36 bombs acceptors and see if we
could determine the failure mode as the series progressed.

TEST 4 (fig. 4)

In previous tests buffer material was stacked in a standard
manner and as a recult an air space existed between columns of
buffer material. We felt the failure mechanism might be bomb
fragments coming through the spaces between columns of buffer
material. In this test we staggered the buffer material
horizontally to ensure that a fragment had to hit buffer material
before it reached the acceptor bombs. Two rows of CBU 58s and 5
rows of MK 1% fins were used as buffers.

The bombs on the fin side survived. The bombs on the CBU 58
side detonated.

We were again faced by the dilemma of how less sensitive
bombs with more buffer protection could fail. Perhaps we had
erred when we considerecd fuzed bombs more sensitive than unfuzed




bombs. Boosters and fuzes give more protection to the fuze
cavities of bombs than the standard plastic shipping cap.

TEST 5 (fig. 5)

In this test we attempted to provide fuze well protection by
placing plastic rods 2.75 inches in diameter by 6 inches long in
the fuze wells of the bombs and covering these with the standard
plastic shipping cap. We also staggered the buffer vertically in
order to eliminate the possibility that fragments were transiting
through the forklift holes in the pallets. The buffers were twe
rows of CBU 58 ( which which were now staggered both vertically
and horizontally) and two rows of MK 15 fins (staggered
horizontally only).

All bombs detonated.

The results of our tests to this point were inconclusive.
We felt we needed to go back to our successful test and proceed
from there, We were convinced that fragment attack was the
mechanism causing the acceptors to detonate. We also felt that
staggering the buffer material both horizontally and vertically
would reduce the number of fragments reaching the acceptors.

TEST 6 (fig. 6)

In addition to fuzing and boosting the acceptor bombs we
oriented bombs so that the nose of the acceptors were oriented
toward the noses of the donors. We felt this might reduce the
effect of the fragment attack by orienting the relatively smaller
flat area on the front of the acceptor bombs toward the fragment
attack. The acceptor stacks were composed of 24 MK 82s and the
buffers were two rows of MAU 93 fins and three rows of 20 MM TP
ammunition.

All bombs survived.
We are now convinced that fuze well protection is necessary.

TEST 7 (fig. 7)

In this test we used steel tail plugs in the noses of
the acceptor/donor pair and steel nose plugs in the other. We
retainad the nose to nose orientation of the acceptor to donor.
The size of the acceptor stacks was again increased to 36 bombs.
Two rows of CBU 58 were used as one buffer and three rows of CBU
58 were used for the other. The buffers were staggered both
horizontally and vertically.

All bombs survived.

CONCLUSION
It 1is possible to prevent propagation between stacks of

bombs using fuze well protection, proper bomb orientation, and
sufficient buffer material.
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MK 84 TEST SERIES

asewn  eeve  EEeSSe——

OVERVIEW

This series started in the spring of 1986 and is ongoing at
this writing. The goals of this series are to prove that the
buffered storage concept works for the MK 84 bomb, determine if
nose fuze well protection alone (no buffer material) will prevent
propagation, to validate additional buffer materials, and test
the effect of donor stacks with a net explosive weight of up to
60,000 pounds.

TEST 1 (fig. 8)

The goal of this test was to determine if steel nose fuse
well protection alone would prevent propagation between stacks of
bombs. Twenty four MK 84s were used as the donor and two stacks
of 12 MK 84s were used as acceptors. Bombs were oriented nose to
nose and separated by 15 feet, no buffer material was used.
Steel nose plugs were used in both the donor and acceptor bombs. )

All acceptor bombs survived. No significant damage was
noted. Steel nose plugs were slightly eroded by fragments and
jets (fig. 9). High speed photography revealed what lookéd like
an aerodynamic flow of fragments around the pointed noses of the
MK 84 bombs.

TEST 2 (fig. 10)

The goal of this test was to see if bombs with only nose and
tail- fuze well protection would survive if oriented so that the
tail of one acceptor was exposed to the nose of the donor and if
the nose of the other acceptor was exposed to the tail of the
donor. The donor consisted of 24 MK 84s and the acceptors were
12 MK 84s. Bombs were placed 15 feet apart and ro buffer
material was used.

All bombs detonated. '

TEST 3 (fig. 1l)

After the failure of test 2 it was necessary to validate !
the results of test cne to see if we should pursue testing with |
no buffer material. The test and results were the same as test ‘
1. ‘

TEST 4 (fig. 12)

This was an attempt to see what effect buffer material would
have on bombs arranged with nose to tail and tail to nose
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configurations. Five rows of empty 55 gallon drums were used to
simulate bomb component containers. A thirty inch aisle space
was maintained between the donor/acceptors and the buffer. This
resulted in & distance oF 13.5 feet between stacks of bombs.

One bomb in each acceptor stack reacted low order, all other
bombs survived. Bomb noses and tails showed more damage than in
test 1 and 3. (fig. 13, and 14).

TEST 5 (fig. 15)

Even though there was no stack to stack propagation in test
4, we wanted to prevent low order reactions if possible. 1In this
test we added one row of drums to give us a total of six rows and
increased the distance between bombs to 15 feet.

The results were identical to test 4. Based on this we
decided to abandon the nose to tail and tail to nose
configurations and continue the test 8series nose to nose
orientation at 15 feet separation.

TEST 6 (fig. 16)

The DDESB had requested that we conduct this test in a
simulated igloo. The igloo was simulated by a 20 x60 foot
rectangular hole in the earth 10 feet deep. Three sides of the
hole were lined with concrete slabs to make vertical faces and
one 20 foot side was left open with a ramp sloping to ground
level (fig. 17). Four rows of MK 20 cluster bombs were used as
the buffer material. The MK 20 is packed 2 per metal container
and has a net explosive weight of 100 pounds. Sixteen containers
were used in each buffer for an explosive weight of 3200 pounds
per buffer. Distance between stacks of bombs was 15 feet and the
distance between the MK 20s and acceptors was 15 inches.

Acceptor bombs on the closed end of the simulated igloo
detonated, MK 20s were completely consumed, and acceptors on the
open end of the igloo survived with very little damage (less than
that in test 1 and 3)(fig. 18).

We concluded that the detonation of the acceptor bombs at the
closed end of the igloo was probably a pressure reaction caused
by the relatively unyielding walls of the structure and the
proximity of the MK 20s to the acceptor. Based on these results
we felt that future tests should be conducted in a more
realistically simulated above ground igloo.

TEST 7 (fig. 19)

The goal of this test was twofoid. First to see if the
donor would survive in an igloo with no buffer and to test 30 MM
high explosive (HE) ammunition as a buffer, The test was
conducted in a simulated igloo built above ground using concrete
slabs. This igloo was 20 feet wide, 80 feet long, and 10 feet
high, earth was mcunded to the top on three sides, it had no
roof, and a concrete slab was used for the door(fig. 20). T™wo
rows of 30 MM HE ammunition were used as the buffer between the
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donor and the acceptor at the door end of the igloo. No buffer
was used between the donor and the acceptor at the rear end of
the igloo, stacks of bombs were separated by 15 feet.

All acceptor bombs survived. Bombs on the closed end were
damaged nmuch like those in test 1 and 3. some ammunition sur-
vived intact. Most cartridge cases and propellant were consumed,
many projectiles appear to have reacted low order and only split
the projectile case consuming most or all of the explosives
inside.

From this we concluded that pressure was not a problem with
a donor of 24 MK 84 bombs and that 3¢ MM HE ammunition was an
acceptable buffer.

TEST 8 (fig. 21)

This was our first test above the 20,000 pound NEW range.

The goal was to determine what effect a 48 bomb MK 84 donor would

have on 24 MK 84 acceptors. The bomb fuze wells were protected

| with steel nose and tail plugs. stacks cf bombs were placed 15

feet apart. The test was conducted in a simulated above ground

igloo. The igloo was the same dimensions as the one in test 7

but had a roof of concrete slabs., The steel superstructure used

to support the roof was inside the igloo (fig. 22). A concrete
slab was used as a door.

All acceptors survive. Several bombs sustained large dents
in the side from collision with other bombs or the igloo (fig.
23). Many bombs had severe fragment damage to the nose, much
like that seen in tests four and five.

We felc that nost of the dents were caused by collisions
with other bombs because there were few sharp edges that we would
expect to see if the «collisions were with the igloo
superstructure, Several nose fuze wells had been eroded to the
point that the fuze wells were visible (fig. 24).

TEST 9 (fig. 25).

Sinuce tine acceptors in test 8 had survived both the pressure
and fragments from a 48 MK 84 donor we decided to increase the
donor to 64 MK 84 bombs. We were concerned about the severe
erosion of the nose plugs seen in test 8, so we decided to use a
small quantity of buffer. Two rows of palletized MK 81 fins were
used on each side. The test was conducted in a simulated above
ground igloo with a roof, and a concrete slab for a door. The
igloo had been redesigned so as to place the vertical support
mempers outside of the igloo and decrease the amount of steel
supporting the roof. We will call this igloo the Haymen 1Igloo
(fig. 26).

Acceptor bombs on the door end detonated. Seven bombs from
the rear stack reacted low order, many of the surviving blombs
were dented and had severe nose erosion as seen in test 8.

Since the bombs at the rear of the igloo survived ( these
should have experienced the most pressure), we felt we could rule
out pressure as the mechanism for the failure of the front stack.
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We were convinced that the large quantity of frugments from 64 MK
848 aimply overcame our buffer.

TEST 10 (fig. 27)

Two variables were changed in this test. The distance
between stacks of bombs was increased from i5 feet to 20 feet and
slightly more substantial buffers were used. The buffers were 3
rows of MK 81 fins and 3 rows of 20 MM TP ammunition. The donor
was 64 MK 84s, and the acceptors 32 MK 84s. The test was
conducted in a Haymen igloo.

The acceptors at the rear of the igloo(protected by the
fins) detuonated. The other acceptors survived in relatively good
condition. Only four bombs had large dents in the sides, and
one bomb had the base plate knocked off (it appeared to be a

: mechanical senaration caused by impact with another metal object).
% Only two bembs had fragment damage to the nose.

‘ A clear impression of a bomb base plate on the side of a
bomb gave credence to our belief that many dents were caused by
bomb to bomb collisions. We felt strongly that the failure was
caused by fragment «ttack rather than pressure because the
acceptor at the rear of the igloo had survived a 64 MK 84 attack
with less buffer and less distance to the donor.

TEST 11 (fig. 28)

Since three rows of 20 MM TP ammunition had been a
sufficient buffer we decided to try another fairly massive
buffer. Three rows of CBU 58s were used for both buffers. The
bombs were separated by 20 feet, and the test was conducted in a
Haymen igloo.

All acceptors survived. Very little fragment damage was
observed but several bombs were danted.

TEST 12 (fig. 29)

The success with CBU 58s led us to believe that MK 20s would
work. Three rows of MK 20s were used in each buffer, the stacks
of bombs were 20 feet apart, and the test was conducted in a
Haymen igloo.

One acceptor bomb from the top row of each stack functioned
low order, all other bombs survived. Again very little fragment
damage was observed and several bombs were dented.

In this test the tops of the donor, buffer, and a -eptor
stacks were at virtually the same height and we believe the low
order reactions were caused by fragments coming through the thin
top of the buffer.

g
?§

2
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OVERALL TEST RESULTS

i

Wwhen stacks of bombs were arranged so the noses of the bombs
in one stack were oriented toward the noses of bombs in the ocher
stacks and sceel nose and tail fuze well protectors were used,
propagation between stacks could be prevented. Acceptor bombs
survived the attack of pressure and fragments of up tc 48 MK 84
bombs (45,360 pouands NEW) at. 15 feet separation without using
buffer materizl. Acceptor bombs also.survived the attack of
pressure and fragments from stacks of 64 MK 84 bombs (60,480
pounds NEW), even when coupled with the detonation of 96 MK 20s
used as a buffer(9,600 pounds NEW) when stacks were separated by
20 feet and a proper buffer material was used.

CONCLUSION

Prcpagacion can be prevented between stacks of MK 82 and
MK 84 bombs when they are properly oriented, separated, steel
nose and tail fuze well protection 1is  provided. and buffer
material proven adequate 'in this test series is used. :
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FIGURE 24
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ABSTRACT

\Hhen vehicle maintenance is performed on combat ready
tanks, all ammunitions must be offloaded in a safe area. An
ammunition storage facility was developed for this purpose which y
would 1imit the maximum credible event to a reaction or detona- )
tion of only one H.E. warhead, thus 1imiting the explosion size
and the fragment hazards. Tests were conducted to determine the
physical parameters which would need to be implemented in order ]
to satisfy the criteria of minimum explosion and fragment
hazards, thus minimizing the inhabited building distance safety N
requirements.

An ammunition storage rack was designed and tested. It
was determined from the results that with slight modifications a
new rack design could be fabricated which would satisfy minimum
safety requirements. The modified rack was fabricated and
tested. The new rack limited the maximum credible event to a
detonation of only one H.E. warhead, and reduced explosion and
fragment hazards sufficiently to 2llow an inhabited building
distance of 50 feet.

1280

|
|
|
i
|

X ' L




' TEMPORARY TANK AMMUNITION STORAGE FACILITY

I. INTROOUCTION

Tank units currently stationed in the European theater of
operations are permitted to remain in a combat-ready status with
all standard ammunition stored on board. When vehicle mainte-~
nance is performed on these tanks, safety regulations require
thet a1l ammunition be offloaded and trancported to an adequate
storage faci11t¥ which will satisfy the hazardous fragment and
blast safety criteria. In some instances, safe storage
facilities could be significant distances from the location of
the maintenance operations.

To alleviate this problem, a temporary ammuni*tion storage
facility could be developed which would limit the maximum
credible event to a reaction or detonation of only one H.E,.
warhead, thus limiting the explosion size and the fragment
hazards. Tests were conducted to determine the physical para-
meters which would need to be implemented in order to satisfy the
criteria of minimum explosion and fragment hazards, thus mini-
mizing the inhabited building distance safely regquirements.

i Two ammunition storage racks were designed and tested. It
was determined from the results that with slight modifications a
new rac" design could be fabricated which would satisfy minimum
safety requirements. The modified rack was fabricated and

testad. The new rack limited the maximum credible event to a

detonation of only one H.E. warhead, and reduced explosion and

% fragment hazards sufficiently to allow an inhabited building

r distance of fifty feet.

The data presented herein includes a brief discussion of
the preliminary sub-scale tests and first-trial rack tests, and a
more detailed discussion of the subsequent rack designs which led
to the fina' design.

I1. PRELIMINARY SUB-SCALE TESTS

The purpose of the preliminary tests was to determine the
physical parameters which would need to be implemented irn order
to satisfy the criteria of minimum explosion and fragment
hazards. The primary hazard studied was the detonation of a
105mm, M456 HEAT warhead. Because the M456 HEAT projectiles are
in the category of a mass-detonable munition, a special shielding
and packaging arrangement would be necessary. Readily available
shielding materials were considered; the standard shipping tube,
wood, and PVC plastic pipe. To further reduce the fragment and
blast hazard associated with the detonation of an H.F. warhead,
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the HEAT cartridges were placed on the bottom, with the warhead
to the rear of the rack. A sub-scale rack was constructed which
would simulate the actual storage conditions including spacing
tnd confinement. Figure 1 shows the basic setup for two of these
tests., The center cartridge warhead was detonated by initiation
of an N118 Rockeye snbmunition, 356mm behind the nhose 2t a
pesition directly in front of the base fuze of the warhead.
(Several tests were conducted to verify a complete detonation of
the warhead. Jet formation ocrurred in every case.) Table I
T1ists the various tasts conducted and combiraticns of shiclding
materfais used. Seaveral combinations were acceptadle, but the
19mm wood box and the standard shipping tube separated by a 51lmm
ali gap were the moct desirable.

ITI. PRELIMINARY FULL-SCALE TESTS

The preliminary full-scale tests ware designed to explore

the feasibility of the rack design, and tc test the shieldiny and

packaging arrangement in an actual field condition.

Figur? 2 shows the basic rack incorporating the wood shield
design. In order to contain the fragments from both the warhead
and the cartridge case, this basic rack was surrounded by a
cinder block and earth wall. 1In front of the rack was positioned
a wall of the same basic construction which was designed to stop
cartridge case bases that would probably eject as a result of
propellant ignition. Figures 3 and 4 show the details of the
setup. Figure £ shows the details of the kickout information
which is further described in Table II. Cartridge case pieces
went out in excess of 180m. There was a moderately long duration
fire which resulted in several propellant charge cookoffs. The
acceptor warheads were damaged but did not react or detonate,.

Figure 6 shows the steel rack frame used to incorporate the
standard shipping tube. The setup to contain the fragments was
identical to the wood shield design. Figure 7 shows the basic
test setup. The surrouading wall was identical to that used for
the wood rack design. Figure 8 shows the details of the kickout
information which is further described in Table IIlI. There was a
moderately long duration fire which resulted in several propel-
Tant charge cookoffs., The acceptor warheads were damaged but did
not react or detonate, although two of the warheads did burn,
Cartridge case pieces went out in excess of 50m.

The results from these two tests were similar. The maximum
credible event was limited to one H.E. projectile, although
several propellant charges reacted as 2 result of a sustained
fire after the initial event. This resulted in cookoffs and
additional debris spread. From these tests it was concluded that
by moving in the front wall to the absolute minimum distance
which would aliow insertion of the cartridges into the rack, the
throw~out pieces could be reduced to within a fifty-foot radivs.
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§ It was also surmised that the survounding wall construction could

: be minimized in the front and on the sides, but should also be

. adgedﬂto the top to aid in both cartridge protection and kickout
reduction.

IV, FULL-SCALE TESTS

The full-scale tests would include eight M456 HEAT car-
tridges on the bottom row of the rack, and thirty-two X.E. car-
tridges on the four upper rows of the rack. Figure 9 shows the
basic rack design used on the full-scale tests.

A. Rack with Single-Layer Sandbag Wall

~ Because a layer of sand six inches thick is
adequate for protection against sidewall warhead fiag-
ments and cartridge case fragments, a single layer of
sandbags would be adequate. However, the rear side of
the rack must have a three-foot-thick barricade in
order to stop fragments generated by the warhead jet.
Figure 10 shows the basic setup used for this test.
The top layer of bags was supported by a 0.062-inch-
thick steel plate. As in the previous tests, a single
H.E. projectile was detonated. figures 11 and 12 show
the details of the kickout information which is further
‘ described in Table IV. After analysis of the high-
speed films, it was apparent that the sandbag walls did
“ contain the initial explosion., Post-aebris analysis
showed that the initial maximum credible event was
limited to one H.E. warhead. 1lhe sandbag wall did,
however, collapse after several later propellant charge
cookoffs. When this occurred, all fragment protection
was gone, and subsequent cookoffs propelied cartridge
parts in all directions. Figure 13 is a photograph of
the setup, and Figure 14 is a view of the post-test
area.

Although the end result of this test was not
desirable, the conclusions were obvious. The sandbag
wall, both top and sides, would have to be sturdier in
design in order to withstand cookoff conditions. Some
clear space around the rack would be necessary to allow
venting of the propellant reactions, thus reducing the
amount of explosion containment.
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B. Rack witn Multiple-Layer Sandbag Wall

Figure 15 shows the basic setup used for this test,
Several modifications were implemented to the design
used for the first full-scaie test. A clear space was
built into the rack which would allow a twelve-inch

é separation on the sides and rear of the r:c: between

=5 5. r A

the cartridges and the sancbag wall. This was
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reinforced by adding a 0.125-inch=-thick steel sheet-
metal! plate on a frame avound the basic rack, and
welded to the rack. The multiple-layer sandbag wall
wes placed against the sheet metal, The sandbag wall
was buflt in such a manner that the top row of bags was
one layer thick, with each successive row down
increased by one layer of bags.

The top layer of bags was increased to two layers
and was supported by a 0.25-inch-thick steel plate. AsS
in the previous tests a single H.E. projectile was
detonated. Figure 16 shows the details of the kickout
information which is further described in Table V.
After analysis of the high-speed films, it was apparent
that the sandbag walls did contain the inftial
explosion, Post-debris analysis showed that the
initia)l maximum credible event was limited to one H.E.
warhead. The sandbag wall partially collapsed after
several later propellant charae cookoffs, but not
sufficiently to allow large amounts of debris to escape
the vicinity of the rack. Figure 17 is a photograph of
the setup. Figure & shows details of the rack area
after the test.

There was an improvement on the debris kickout.
Since the sandbag shield did not completely collapse,
the conclusion was that the continued propellant charge
cookoffs were yielding the kickout fragments. Since
the maximum credible event was confined to only one
H.E. warhead, the propellant and the shipping contain-
ers were the only other cause for a sustained fire and
resultant cookoffs. In order to reduce the cookoffs,
both the shipping tubes and the propellant charges
would have to be shielded from the fire hazards.

V.  FINAL TESTS

The rack for the final tests would undergo further modifi-
cation. 1In order to prevent the partial collapse of the sandbag
walls, a thin steel support wal) would be added on the sides.
This wall would be fabricated from 0,125-inch-thick steel, welded
to the basic rack framework, and tied to the sandbags with 0.15-
inch diameter, No. 9 tie-down wires looped through the wall and
placed flat within the sandbag array. This same basic setup was
also used for the front wall., The top layers of sandbags were
also reinforced by adding a 0.125-inch-thick steel sheet-metal
box around the edges.

In order to reduce the sustained fir2/cookoff condition,
each layer of cartridges was separated from each other layer by
placing a 0.125-inch-thick sheet metal divider under the car-
tridges. To further reduce the combustible-material exposed
cross-section, each shipping tube was placed in a steel tube with
0.063-inch-thick side and end walls.
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Figure 19 shows the rack final design before {installation.
. Figure 20 shows the same rack after installation with all sand-
‘ : bagcs in place, Figures 21, 22, 23 and 24 show the details for
construction of the rack. Figuve 25 1s a photograph of the rack
fully assembled. Three tests werc conducted with this basic
design, with a slight difference on the first test: the bottom
divider floor was installed. On the second and third tests, the
buttom divider floor was removed. After the damage assessment of
the first test, the conclusion was made that further versting
could be achieved 1f the row of H.E. projectiles were left open
on the bottom., This would also allow the propellant from the
donor cartridge to be dispersed, and consequently further reduce
the sustained fire hazard. '

A,

Temporary Ammunition Stovage Rack,
Final Design: Test No. 1

A single H.E. projectile was detonated. Figure 26
shows the details of the kickout information which is
further described in Table VI. Only one piece of a
cartridge case, weighing 81 grams, was found outside
the fifty-foot radiuc circle at 105-ft. All other
debris were containe. inside a fifty-foot radius.

Post-debris analysis sho.'ed that the initial
maximum credible event was limited to one H.E. warhead.
There was considerable damage caused to the adjacent
cartridges, but the cookoff hazard was confined to the
lower two rows. Three of the H.E. warheads sustained
no damage, two burned, and three had mild reactions.

It appeared that with the increased confined area
afforced by the sheet metal dividers, the propellant
charge ignition focused the fire in the vicinity of the
warheads, thus causing a cookoff reaction. There was
also some unburned propellant in the imnediate vicinity
of the rack. There were several propellant charge
reactions, but these appeared to be a result of the
initial projectile detonation rather than from a cook-
off condition, Figure 27 is a post-test view of the
area around the rack,

Temporary Ammunition Storage Rack,
Final Design: lest No. 2

Test Ho. C was identical to Test No. 1, except that
the bottom divider plate was deleted. Figure 28 shows
the details of the kickout information which is further
described in Table YII. Cnly one fragment, weighing 29
grams, was recovered outside the fifty-foot radius
circle at 75-ft., This piece was believed to be a frag-
ment from the fuze wel) of the donor projectile. All
other debris were ccn*tained inside a fifty-foot radius.
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Post-debris analysis showed that the initiajl
maximum credible event was limited to one H.E. warhead.
There was minima)l dam2ge caused to the adjacent car-
tridges, with most of the damage confined to those
cartridges on either side of the donor. Five of the
H.E. cartridges were virtually undamaged, with the
renaining two susta ' n'ng minor damage. The propellant
charges from the two adjacent cartridges appeared to
cookoff, but the resultant reaction appeared to be more
of a burn thar a reaction. There was also some
unburned propellant in the immediate vicinity of the
rack. With a minimum of repair, this rack could still
be used for the storage of ammunition. Figure 29 is a
post-test photograph of the rack.

Temporary Ammunition Storage Rack,
Final Design: Test No, 3

Test No. 3 was identical to Test No. 2. Figure 30
shows details of the kickout information which 1is
further described in Table VIII. Only one fragment,
weighing 30 grams, was recovered outside the fifty-foot
radius circle at 55-ft. This piece was believed to be
a fragment from the fuze well of the dono* projactile.
A1l other debris were contained inside a rifty-foot
radius.

Post-debris analysis showed that the initial
maximum credible event was limited to one H.E. warhead.
There was minimal damage caused to the adjacent car-
tridges, with most of the damage crnfined to those
cartridges surrounding the donor. Five of the H.E.
cartridges were virtually undamaged. The remaining two
received some fragment damage in the propellant charge
area and both the propellant charge and the warhead
burned. One K.E. propeilant charge above the donor
cartridge also burned. This rack could be used for the
storage of ammunition with a minimum of repair. Figure
31 is a post-test photograph of the rack.

CONCLUSION

The rack design as configured in Figures 20, 21, 22, 23 and
24 will reduce and contain both explosion and fragment hazards
generated from the detonation of an M456 4EAT projectile. The
rack specified herein limits the maximum credible event to the
detonation of one warhead, with a corresponding blast radius of
50 feet, and the fragment hazard radius, based upon one hazardous
fragment per 600 square feet, is also reduced to 50 feet,

Therefore, wnren 105mm, M456 HEAT ammunition and other non-
explosive conventiunal antitank ammunition are stored in the
rack, in their fiber shipping tubes, with the warheads facing to
the rack rear, on the bottom row, the hazard distance is 50 feet.
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| WITNESS PLATE, o5mm-THICK, M.S.

SPACED 305mm IN FRONT OF
PROJECTILE NOSE

DJOINING CARTRIDGE

SIMULATOR, CONCRETE
FILLED PLYWOOD ROX

ONOR AND ACCEPTOR "1" § "2":

1056, HEAT-T
CART. M456Al1, COMP-B

FUZE LOT: WiT-15-14

1
STANDARD 105mm
CARTRIDGE, PLACED
INSIDE PLYWOCD BOX

WOODEN BOX
LOT #MA-88-1

WITNESS PLATE, 25mm-THICK, M.S.
SpACED 305mm IN FRONT OF

ADJOINING CARTRIDGE
NCRETE PROJECTILE NOSE

A
\

Q5mm
CARTRIDGE, PLACED INSIDE
STANDARD SHIPPING TUBE

STANDARD SHIPPING TUBE/PVC PLASTIC PIPE

FIGURE 1
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TABLE 1

TEMPORARY TANK AMMO STORAGE FACILITY
PRELIMINARY SUB-SCALE TESTS

TEST NO.

o o o o o - -

ﬂFBA080283

IFBAOSO3A3

on o wn an @0 = = - -
- - - - o
- -

- - - - -

‘FBA0901A3

19mm Wood Box

Standard Shipping
Tube

7mm SCH 40 PVC

---------- pm e s o - Y

10mm Wood Box

- e - - - - o - - -

19mm Wood Box and
Standard Shipping
Tube

8mm SCH 40 PVC and
Standard Shipping
Tube

Standard Shipping
Tube, Separated
by 4lmm Air Gap

10mm Wood Box and
19mm Insert Wood

Box

Standard Shipping
Tube Separated by

5lmm Air Gap

pom--

WARHEAD CASE
EFFECTIVE [EFFECTIVE
SHIELD SHIELD

RESULTS

Wood 38mm {Wood 38mm|Acceptor warheads damaged,

no reaction,
from cases,

Separated

Tube 50mm

- . -

Wood 38mm
Tube 50mm

PVC 16mm
Tube 50mm

Tube 50mm

Tube 22mm

Acceptor warheads reacted.
No jet formation.

| v b un s G o - o

Wood 38mm

- o - -

PVC 16mm
Tube 22mm

- - - -

Tube 22mm

Lfrom cases,

-
Acceptor warheads damaged,
no reaction. Separated

Acceptor warheads reacted,
left one formed partial
jet.

Acceptor warheads reacted.
No jet formation.

Acceptor warheads damaged,
no reaction. Separated
from cases.

Acceptor warheads damaged,
no reaction. Separated
from cases.

A2 acceptor warhead
damaged, and separated from
case. Al acceptor warhead
reacted.

- - Y R en e an WS e

Acceptor warheads reacted.
No jet formation.

Al acceptor warhead
damaged, no reaction. A2
acceptor warhead burned,

no jet formation.

A2 acceptor and case slight|
damaged. Al acceptor
damaged and separated from
case. No reaction.
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TEMPORARY TANK AMMUNITION STORAGE FACILITY,
WOOD RACK
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38mm

NO AIR GAP BETWEEN BOXES
4 HIGH x 5 ACROSS

19mm

EFFECTIVE SHIELD TK

1.D. = 178mm x 178m

PLYWOOD BOX
WALL THICKNESS
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TABLE il
TEMPORARY TANK AMMUNITION STORAGE RACK

WOOD RACK

DEBRIS RECOVERY

ALL MEASUREMENTS TAKEN FROM POINT GF ROCKEYE INITIATION

Sm Radius
of Ground
zero

Sm - 10m
Zone

10m - 15m
! Zone

15m - 90m
Zone

90m - 180m
Zone

180m Zone

OF DONOR WARHEAD

3 Acceptor HEAT Warheads; 5 KE Projectiles;
1 Acceptor, Complete Round; 5 KE, Complete Round;
5 Cartridge Cases

3 KE Projectiles; 1 KE, Complete Round; 6 Cartridge
Cases

1 KE Projectile; 3 Cartridge Cases

None

2 Cartridge Case Fragments from Acceptor R-2, Size:
254mm x 154mm, one at 94.1m, the second at 95.7m

1 Cartridge Case Fragment, Base and a 159mm x 110mm
Section of Side Attached at 182.8m
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TABLE I1I
TEMPORARY TANK AMMUN!TION STORAGE RACK

STEEL RACK

DEBRIS RECOVERY

ALL MEASUREMENTS TAKEN FROM POINT OF ROCKEYE INITIATION

Sm Radius
of Ground
Zero

Sm - 20m
Zone

20m - 30m
Zone

30m - 40m
Zone

40m - 50m
Zone

50m - 60m
Zone

OF DONCR WARHEAD

3 HEAT Warheads; 9 KE Projectiles; 15 Cartridge
Cases

8 §E)Project1?es; 1 Cartridge Case Fragment (Base
nly

1 Cartridge Case; 2 Cartridge Case Fragments. .i0cm
x S5cm and 29%¢m x 10cm

1 HEAT WNarhead (33.8m); 1 HEAT Fuze (34.4m);
2 Cartridge Case Fragments, 36cm x 10cm and 42c¢m x
8cm (30.1wm)

1 Cartridge Case Fragment (42.9m)

1 Cartridge Case (56.3m:; 1 Cartridge Case Fragment,
4cm x 6cm (59.1m)
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TEMPORARY TANK AMMO STORAGE RACK
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ALL MEASUREMENTS ARE TAKEN FROM POINT OF ROCKEYE INITiATION

~~ TEMPORARY TANK AMMUNITION STORAGE RACK

50-ft Radius
‘of Ground Zero

50-ft - 75-ft

Zone

75-ft - 100-ft

Zone

100-ft
Zone

125-ft
Zone‘

150-ft
Zone

175-ft
Zone

125-ft

150-ft

175-ft

200-ft

- Six complete K.E. cartridges; one shipping tube
. -Wwith HEAT round; 4 primers, 5 cartridge case

TABLE IV

DEBRIS RECOVERY

OF DONOR WARHEAD

pieces; three cartridge case pieces with base
attached; 4 complete sabots; one sabot piece;
one sabot with penetrator; one sabot in case
witnout penetrator; 2 penetrators; one base only
from cartridge case; one base only from
cartridge case with primer; one cartridge case
from K.E, round inside shipping tube; two
cartridge cases; one empty tube, 2 complete K.E.
cartridges without penetrator; K.E. projectiie
without a case,.

Three complete sabots} one sabot in tube, and
8 sabot petals; one set of fins; 4 primers; 7
pieces from cartridge cases (3"x2-1/2", &"x5",
6"x2~1/2"x 5"x6-1/2", 18"x9")

One complete sabot; one penetrator; one primer;
one tube piece; 5 sabot petals; 2 pieces from
cartridge cases (8"x3")

One sabot petal; one primer; 3 pieces from
cartridge cases (10"x8", 11"x6", 10"x5") 2
pieces from cartridge cases with base (12" and
5-1/2" high)

One complete sabot and two sabot petals; 4
pieces from cartridge cases (4"x3", 9"x3",
11"x6", 4~1/2"x3-1/2"); one primer

One complete sabot, one partial sabot in tube;
4 sabot petals; one penetrator; one piece from
cartridge case with base (2-1/2" high)

Cne sabot in tube; one sabot petal; 3 pene-
trators; one partial base with piece of
cartridge case (14"x7-1/2"); one base with piece
of cartridge case (7" high); 6 pieces from
cartridge cases (7-1/2"x4-1/2", 4"x3-1/2",
12"x5", 12=-1/2"x7", 9"x3-1/2", 21"x13")
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TABLE IV (cont):

200-ft 225-ft One penetrator; one piece of cartridge case
Zone (4"x2-1/2") .

. 225-ft - 250-ft One piece of cartridge case (5"x7-1/2"); one
Zone - partial base with piece of cartridge case
' : (17"x9"); 2 bases with piece of cartridge case
(24-1/2" and 4-1/2" high)

250-ft - 275-ft Three pieces from cartridge cases (12-1/2"x8",

Zone 3-1/2"x12", 5"x3")

275-ft - 300-ft One piece of cartridge case (3"x2-1/2"); or-

Zone base with piece of cartridge case (3-1/4" hijh)

300-ft - 325-ft Two pieces from cartridge cases (12"x5-1/2",

Zone ‘ - 9"x4-1/2") :

325-ft - 350-ft Three pieces from cartridge cases (7"x4",

‘Zone 5"x4-3/4", 11-1/2"x8-3/4")

350-ft - 375-Ft Two pieces from cartridge cases (6"x4-1/2",

Zone ' 11-1/2"x5-1/2")

375-ft - 400-ft One piece of cartridge case (10-3/4"x4"); one

Zone base with a piece of cartridge case (2-1/2"
high)

400-ft - 425-ft One sabot

Zone

425-ft - 450-ft One piece of cartridge case (3-1/2"x%-1/4")
Zone , ,

450-ft - 475~ft No debris
Zone

475~ft - 500-ft One base
Zone
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TABLE V

TEMPORARY TANK AMMUNITION STORAGE RACK

DEBRIS RECOVERY

ALL MEASUREMENTS ARE TAKEN FROM POINT OF ROCKEYE INITIATION

50-ft Radfus
0f Ground Zero

50-ft - 75-ft

Zone

75-ft - 100-ft

Zone

100-ft
Zone

125-ft
Zone

150-ft

~Zone

175-ft
Zone

200-ft
Zone

225-f¢
Zone

125-ft

150-ft

175-ft

200-ft

225-ft

250-ft

OF DONOR WARHEAD

Three primers; 10 pieces from cartridge cases
(13-1/2"x11°, 20"x9", 9-1/2"x3-1/2", 7-1/4"
x3-1/4%, 6-1/2"xa-3/4", 11-1/2"x5-1/2* 7°x6-1/2"
(donor), 5-1/4"x5", 18-1/2"x7-1/2", 17"x9"); one
piece of H.E. cartridge case; 2 bases with
pieces from cartriage cases (11" and 23-1/2"
high); 2 burned H.E. warheads ,

One sabot; one ptece of cartridge case (7-3/4"
x 6-3/4"); one H.E. base with cartridge case
piece (22-1/2" high)

One primer; 2 pieces from cartridge cases, one
from donor (9-7/16"x6-1/8"); one H.E. cartridge
c:se)base with cartridge case piece (22-1/2"
high

One sabot; one Biece of cartridge case from H.E.
cartridge (9"x2")

Gne complete sabot and one sabot petal; 5 pieces
from cartridge cases (7-1/2"x3", 6-1/2"x3",
21-1/4"x16", 7"x3-3/4")

Two sabot petals; one piace of cartridge case
(5“x8-1/2"9; one primer

One penetrator; one cartridge case base (2-1/4"
highg; one piece of cartridge case (12-1/2" x
4-1/2"); one base with cartridge case piece

15" high)

Three pieces from cartridge cases (7"x5", 7"x10"
9"x5-1/2"); one base with cartridge case piece
(7-1/2" high)

Thiree pieces from cartridye cases (6-3/4"x9-1/2"
10-1/2"x4-1/2", 14-1/2"x5")
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i/8" THICK

MULTIPLE LAYER SANDBAG WALL,

SIDES, REAR AND TOP, WITH
. SUPPORT WALLS ON TOP AND SIDES

FRONT WALL - MULTIPLE LAYER SANDBAG WALL PLACED

48 INCHES IN FRONT OF TiE RACK, WITH A
STEEL FRONT PLATE AdD SUPPORT WALLS.

FINAL DESIGN - AFTER INSTALLATION

FIGURE 20, TEMPORARY AMMUNITION STORAGE RACK:
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TABLE VI

TEMPORARY TANK AMMUNITION STORAGE RACK

DEBRIS RECOVERY

ALL MEASUREMENTS ARE_TAKEN FROM POINT OF ROCKEYE INITIATION

50-ft Radius
of Ground Zero

5§0-ft - 75-ft
Zone

75-ft - 100-ft
Zone

100-ft - 125-ft
Zone

OF DONOR WARHEAD

One steel tube; fins from heat round; 5 pieces
from cartridge cases (15-1/2"x13"; 6-1/2"x
4-1/2%, 10"x5", 21"x7-1/2", 10-1/4"x7-1/2"); one
base with piece of cartridge case (4" high)

No debris

No debris

One piece of cartridge case
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. TABLE VII
5 TEMPORARY TANK AMMUNITION STORAGE RACK

DEBRIS RECOVERY

ALL MEASUREMENTS TAKEN FROM POINT OF ROCKEYE INITIATION
OF DONOR KARHEAD

50-ft Radius 5 pieces of donor cartridge case (7-3/4"x6",
’ of Ground Zero 4-1/2"x2-1/2", 4"x1-3/4", 4-1/4"x2",
| 2-1/2"x1-1/2"}

go-ft - 75-ft One piece of donor warhead (1-1/2" x 1")
one
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TABLE VIII o
* TEMPORARY TANK AMMUNITION STORAGE RACK.

DEBRIS RECOVERY

ALL MEASUREMENTS TAKEN FROM POINT OF ROCKEYE INITIATION
' OF DONOR HARHEAD

50-ft Radius 2 pieces of donor cartridge case (6"x4", 7"x4%);
of Ground Zero 4 pieces of donor warhead (3" xl 1/4“. 1- 1/2' X
1-1/8", 2"x1", 1-1/2"x1/2")

go—ft - 75-ft One piece of donor warhead (1-1/2*x1“)
one
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PROPAGATION TESTING OF M61 ROCKETS
IN SINGLE ROUND CONTAINERS

D.B. HILL
Ammunition Equipment Directorate
Tooele Army Depot, Utah

AD-P005 354

i : Presented at:

| ‘ TWENTY-SECOND DOD EXPLOSIVES SAFETY SEMINAR

| Dept. of Defense Explogsives Safety Board
Anaheim, California

&‘ ‘ assTRact  (MaxCimum Cre o\ B Vont
—_— L
A need potentially exists for over ¢k containers

for 115mm M55 Rockets. A single round overpack system

has been designed and a series of tésts were conducted,

utilizirz M61 Rockets, to determirle effecy; of the over-

pack on the previously-established(MCE) for palletized

M55 Rockets; and to provide data for storage hazard

clagsification of rockets stored in the overpack
containers. This paper presents results of those tests.
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PROPAGATION TESTING OF M61 ROCKETS
IN SINGLE ROUND CONTAINERS

INTRODUCTION

This paper presents results of a series of tests conducted to assess the
potential for propagation between ll5mm rockets confined in newly-designed
overpack containers. The tests were conducted by the Ammunition Equipment
Directorate at Tooele Army Depot, Utah in late 1985-early 1986.

The 115mn rocket at issue is the obsolete, lethal chemical agent filled
M55 rocket. A need potentially exists for some type of overpack to contain
agent that may leak from the rocket's existing shipping aad firing container.
The U.S. Army Defense Ammunition Center and School, acronym USADACS, located

at Savanna Depot Activity, Savanna, IL hesigned an overpack system consisting
of stackable, cylindrical steel tubes referred to as Single Round Container

(SRC); see Figure 1. In order for the SRC to be qualified as an overpack
system for M55 rockets, it must be subjected to a variety of tests, one of
which is the subject of this paper.

PALLETIZED SRC
FIGURE 1
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The Army's TB 790~2, entitled Dept. of Defense Explosives Hazard
Classification Procedures, outlines the tests required to assign an explosives

hazard classification to ammunition and explosives. The tests discussed
herein were intended to address only the storage hazard classification

. requirements. A second major objective of the test program was to determine a
" *naximum credible event” (MCE) for a pallet of rockets each contained in SRC.

DESCRIPTION OF ROCKET

Because the M55 rocket is filled with lethal chemical agent, the tests
were conducted with M6l rockets. The M61 rocket is the practice simulant for
the chemical agent-filled M55 rocket. It is used for training personnel in
the techniques of loading, preparation for firing, and firing of rockets from
the M91 launcher. The fuze, explosive bursters, and propellant are identical
in both rockets. The only difference is that the warhead in the M61 rocket is
filled with an ethylene glycol simulant for the agent. A description of the
M61 rocket follows; see Figure 2:

M67 Motor containing M28 Propellant, 19.3 pounds (M28 propellant is
double base solid pronpellant with a cellulose acetate restrictive
container)

M34 Burster, 2.7 pounds Composition B4

M36 Burster, 0.5 pounds Composition B4

M417 Fuze, 190 grains RDX

M56 Warhead, containing approximately 10.7 pounds ethylene glycol

M62 Igniter, 25 grams ignition mixture

The rocket is approximately 4.5" diameter by 78" long and weighs 58
pounds. It requires a 24 volt DC power source for firing the electric squib
in the igniter assembly of the motor. The rocket is stored in and fired from
its M441 fiberglass shipping ard firing contaiuer which is approximately 5" |
diameter by 82" long. The rockets dre normally palletized for'storage,

fifteen rockets te a wooden pallet; see Figure 3.
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PALLETIZED M55/M¢é1 ROCKETS
| FIGURE 3

DESCRIPTION OF SRC

The SRC is fabricated from low carbon cold rolled steel, 5 3/8" inside
diameter, 16 gage wall thickness. A dome is welded to one end; and a square
flange is welded to the other end, with four bolts welded to the flange for
affixing a blind flange for closure. An o-ring is installed in the face of
the blind flange to effect a liquid and vapor tight seal. Further, a spring
is attached to the blind flange to apply retention pressure to the rocket
contained within the SRC. Square stacking brackets with gulide pins permit
stacking of fifteen SRC in a three row array similar to the standard pallet of
rockets without SRC; see Figure 4.

SINGLE ROUND CONTAINER
FIGURE 4
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DISCUSSION

In early 1977, a series of tests were conducted at Tooele Army Depot to
determine the MCE for a standard pallet of 15 M55 rockets contained only in
their standard fiberglass shipping and firing containers. Those tests,
conducted with M6l rockets, established the MCE as the spontaneous detonation
of one rocket with a sympathetic detonation of another rocket warhead, and
massive leakage of agent from the remaining thirteen rockets. See Figures 5

and 6, These tests were reported in AED Report 24~77 (Ref. 1).

1977 TEST SETUP
FIGURE 5§

1977 TEST RESULTS
FIGURE ¢
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One objective of the recent 1985-1986 series of tests was to see if the
SRC overpack altered the MCE.

The tests conducted on the SRC were as féllowa:

*Ehree.baseline tests - for establishing baseline pressure data for
single rockets contained in SRC ' A

*three single package tests (IAW TB 700-2) - tests were conducted
with nine rockets per pallet )

*fragment sea;ch - conducted after each single package test
The tests yielded the following results:
*No propagation from donor rocket to in-pallet acceptors;_i;é. total

explosive yigld of only one warhead burster.

*Complete rupture of all acceptor warheads.

*Propellant grain ejected from donor in two of the three pallet
tests and burned freely; i.e. non-propalsive.

*No propellant initiated or burned in any acceptor rocket.

*Significant damage to all acceptor SRC.

*Massive fireball.

TEST PREPARATIONS

Setup for all tests was as shown in Figure 7. A plezoelectric pressure
transducer array measured free-field overpressures along two blast lines: one
parallel to, and one at right angles to the burster in the initiated rocket.
All test items were placed on heavy steel witness plates. The test site was
prepared by clearing a large area of vegetation and setting stakes to define
three search sectors as described in TB 700-2 for fragment search. Tests were
controlled and monitored from the data acqgisition trailer. Two high-speed

movie cameras and one video camera were used for documentation.

Pressure transducers used in the free—-field blast measurement array were
low~impedance plezoelectric devices, Kistler Piezotron Model 210B4 (100 kHz
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- frequency response). The instrumentation recorder was iloneywell Model 7610
(80 kHz frequency reaponse). Dynasen Model CA-1136/1137 piezoelectric blast
pins were uged in the acceptor warheads to detect burster function if
propagation occurred; and Dynasen Model CA~1041 jonization probes were used in

the rocket motors to detect motor initiation; see Figure 8.

HONEVYWELL
18858
VISICORDER

; ja— FIRE —
o ‘ FIRING CIRCUIT ‘
| HONEYWELL 7610
DETONATOR 3 INSTRUMENTATION
Y - _—
YNASEN D-1041 TIME ZERO RECORDER 80 KHZ FM
IONIZATION PIN N 4#—" |
(TIME ZERO) i { ’
HYCAM HIGH { ARTISAN EPC }
hatt——— s";'“:\}:?g’ e 10981 DIGITAL START /
ART/ | PROGRAMMER
SPEED CAMERA }-—T—-— GRAMM ARt
LOCAM HIGH
. ——
SPEED CAMER
WMANUAL KISTLER SO4E
—w{ DUAL MODE
AMPLIFIER
KISTLER 20184
VIDEO CAMERA |
TRANSDUCER -
TEKTROWIX 184
TIME MARK
— —_ GENERATOR
DYNASEN C-1041

) ~—
IONIZATION PINS
[ J

L 1
SYSTRON DONNER
| 8120 TIME |—~ 10 KHZ IRIG A
CODE GENERATOR

OYNSEN CA-1138
[

{ -
PIEZOELECTRIC PINS
L J

INSTRUMENTATION SCHEMATIC
FIGURE 8
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Single M61 rocket/SRC configurations were used for the baseline tests

(three replicates); see Figure 9. The M417 fuze was modified to accept an
ele:: v:.. blusting cap clumped against the fuze booster charge; and an
ifonization probe adjacent to the blasting cap to provide a Time Zero generator
- for instrumentation; see Figure 10. No explusive overcharge was used. The
threads were machined from the fin-nozzle assembly of tha rocket mctor to

preclude propulsion if the M28 propellant had ignited.

The pallets, or single packages, were coafigured, colored, and numbered
as shown in Figure 11. The donor, or central rocket was modified as described
for the baseline test rockets. The eight acceptor rockets, for the first test
only, were prepared as follows (see Figure 10). The fuze adapter was modified
to allow insertion of a piezoelectric blast pin against the M36 burster. The
blast pin was held tightly against the burster by attachirg its electrical
lead to 2 short length of wire rope with shrink-fit tubing, and then clamping
the assembly to the fuze adapter with a hose clamp. The electrical lead was
passed through the existing inspection hole in the fiberglass container's
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Me4 BURSTER
M38 BURSTER
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RS R R N e S B Lt S TR RTRMS WG LtEs

PIEZOELECTRIC BLAST MIN

#U2E BOOSTER
M180 ELRCTRIC BLASTING CAP

IONIZATION PROBE

MODIFIED Ma1T? FUZE

HOSE CLAMP
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v 2 o 3 prad ‘ %

SHRINK FIT TuBING
WIRE ROPE

M61 ROCKET MODIFICATIONS

FIGURE 10
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endcap and then through s hole drilled in the dome end of the SRC. An
fonization prodbe (to detect motor ignition) was inserted into a void in the g
M28 propellant grain, near tha vicinity of the black powder igniter charge;
and its electrical lead passed through inspection ports in the fiberglass
container endcap and the SRC flanged end. The blast pins were not used for
the next two tests because of a false indication of proyagation given in the
firat test. The ionization probes were determined to ba unnecessary
instrumentation because visual inspection would reveal if a motor inicilated.
The threads were machined from the fin-nozzle assembly in all rockets for all
tests to preclude propulsion in event of motor ignition. The rockets were
then placed in SRC and the flanged end plates securad witk the nuts tightened
to 20 ft-1lbas. The nine SRC for each test were palletized and banded in three
locations with 3/4" banding. The pallet was then placed on wooden 4 x 43 on a
witness plate, oriented as shown in Figure 1l.

PALLET TEST SETUP
FIGURE 11

TEST/RESULTS

Problems were encountered in the three single-rocket baseline teets; see
Figure 12. One test failed because the M34 burster did not detonate when the

blasting cap was functioned; and the pressure measurements from Blast Line B m
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(stations 4, 5, and 6) on the other two tests were unuseable because of
pressure transducer problems. There was sufficient coufidence in the
renaining data, howevaer, to proceed with the single package or pallet tests.
That decision was made based on validation of the Blast Line A prassure
transducers with bare spherical charge tests, and comparison with data fron
baseline tests conducted in 1977.

BASELINE TEST RESULTS
FIGURE 12

In the three pallet tests, both blast lines were functioning properly.
Pressure yields in the three pallet tests were consistent with, and in some
cases slightly lower than the pressure yields from the baseline tests. The
conclusion, based on comparison of pressure yields witLh those of the baseline
tegts, is that there was no propagation from the donor to any acceptor, 1l.e.
total explosive yield of only one warhead; and that propagation is unlikely.

Table 1 provides comparisons of blast pressure data from the 1977 tests

and the recent, 1986 tests. For convenience of comparison only, the values
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,ptééénted are numerical averages of several tests in each series; e.g. the
“values fot égdh peak positiVb’incident overpressure-and‘positive incident ,
. Jﬂiupulse fo: £he 1977 baseline series is a numerical aVergge‘of 4 tests. ' Four
" prassure measurements, at each transducar location, were averaged for the
valuénpfésehted_in the table. The reader is referred to the fimal report of
'thése teétsvfor déﬁéiled presentation of data (Ref. 2).

TABLE 1 - PRESSURE DATA

TRANSDUCER =~ 1977 1986

. No. Baseline . Pallet Baseline Pallet
- 1 722 7.86  6.80 6.19
2 374 3.88 3.64 3.47

| PEAK POSITIVE - 3 1.47 - 1.49 . 1.42 1.41
INCIDENT OVERPRESSURE 4 4,47 5.13 - 5.48

| "~ psi ' 5 2.47 3.18 - 3.17
) 6 1.32 _1.45 — 1.54

1 6.88 £.66 6.31 6.19

2 4.79 5.59 4.80 4.14

POSITIVE INCIDENT 3 2.38 2.72 .14 2.42
IMPULSE 4 5.10 7.14 - 5.50

psi-ms 5 3.58 5.00 - 3.55

6 1.93 2.96 - 2.05

All acceptor warheads were totally destroyed with the exception of

acceptor number 8 in each péllet test (acceptor number 8 being directly

_ beneath the donor); see Figure 13. Those acceptors, however, were badly

rdptured,,releasing their ethylene glycol fill. The conclusion is that in a
pallut of rockets cuntained in SRC, all warheadas can be expected to be

ruptured in event of a detonation of one warhead.
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PALLET TESTRESULTS
FIGURE 13

Large ‘quantities of unburned or unexploded explosive burster were found
in all three tests, see Figure 14. The burster cases show evidence of
secondary partial detonation or pressure rupture. Review of high speed films
reveals spargdic flashes within the fireball of the initial detonation that
"may be butniné‘or detonating pieces of explosive. Burster cases recovered in
the 1977 tests did not show similar evidence cf low-order detonétions.

TYPICAL BURSTER RESIDUE
FIGURE 14
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- No motors burned within their SRC. Only two motors ignited...in two

- tests, the propellant grains were ejected from the donors at initial
detonation and burned up completely on the ground. Review of the high speed
.films does not reveal when or where ignition occurred. In one test, the
inside of the donor motor casing was charred and blackened as though the motor

o ‘may hsve been burning while in the case, whereas the motor casing of acceptor

fnumber 2, from. which a prOpellant grain also ejected, was clean. Inasmuch A8
the burning propellant grain remained at ground zaro, ir apparently was ‘not
_confined sufficiently to be propulgive. The conclusion is that propellant
burning can occur’ and that hazard must be considered.

. All tests, including baseline, exhibieed tremendous fireballs (burning _
“ethylene glycol) which were not seen in reviewing high speed films of the
_Mar-Jun 1977 tests. The fireball in the first pallet test,wasﬂsignificantly
larger than was seen in the other pallet tests, particularly the third in
which mora liquid ethylene glycol was observed at ground zero than in the
other tests. The absence of fireball in the 1577 tests, suggests that brief
confinement by the SRC when the warheads ruptured caused vaporization of the

ethylene glycol, enhancing ignition into the fireball observed in these
tests.

Fragmentation patierns and distances appeared to be similar to those in
the 1977 tests except that more fragments were recovered in those tests. The
ma jority of fragments in both series (1977 and current) were in a 200-600 ft.
radius of greund zero, and to the east and west of ground zero. OUne plece, in
the recent series, was found at 1190 feet. The greatest distance recorded in
the 1977 test report was 1030 feet. There was a greater scattering of major
components (SRC, shipping/firing container, motor casing) around ground zero
in the current series of tests. Figure 15 shows that significant damage was
incurred by all the acceptor SRC. The motor half of the SRC generally
remained intact with the motor housing and propellant grain staying within the
SRC while the warhead half was totally destroyed. In all three tests the
acceptor imnediately beneath the donor remained complctely assembled; i.e. the
entire rocket remained within the SRC. The warhead and warhead end of the SRC

were flattened and ruptured; and the burster burned up completely within the
warhead.
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TYPICAL PALLET TEST RESIDUE ..,
FIGURE 15 . ‘ IR

Figure 16 shows unfunctioned fuzes and fuze' adapters recovered in one of .
the tests. Two of the fuzes remain in their respective SRC. The. photo -
depicts 7 fuzes. The eighth fuze belonged te¢. the donor, thereby accounttng N T
for a11 but one fuze in. one test. Results were similar in a second test; 3
fuzes were not found in the third test. S l o

RECOVERED FUZES
FIGURED 18
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In conclusion, it appeara that the Single Round Container does not

"”}ﬁfsignificantly alter the HCE for fifteen parletized 115mm rockets: ’

MCE
Originallconfiguration . . In SRC Overpack
“Q””*Spontaneous detonation of one o *Spontaneous detonation of
waxhead bympathetic detonation one warhead
. of another '
*Leakage of agent-fron remaining A *Leakege of'agent from remaining

 thirteen warheads ' L fourteen warheads

v

Test data was provided to‘the AMCCOM Safety:and’AMC Field Safety Activity

voffices for their use:in esrah]ishing storage hazard clagsification for M55

Rockets overpacked 1n" SRC.
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VU=-GRAPH PLEASE (Honeywell Logo)

Hello: I am Wayne Sueker, a professional engineer for Honeywell. I work ‘
at both our metal parts manufacturing facilities at the Twin City Army
Ammanition Plant near New Brighton, Minnesota and at our load, assemble and
pack facility at the Joliet Army Ammunition Plant near Joliet, Illinois.

ggx—cmn 1 PLEASE (Pic of HJA) d—i—-\
2luge SNk < A0 r - Ind SQF.\D\J}
‘ This i%xou} ;tece}ﬁirl? gs?:abif %d&i'%./assemble an ;Tck’“faéiﬁty on a portion

of the Joliet Army Ammunition Plantf _ When we rehabilitated thg§g*EfS;:' we
designed and installed a number of unique deluge sprinkler systems.—¥hese

systems protect the following:

t

1 A4 people operated ammunition assembly machines.

| %= people operated explosive material handling systems.

| remotely controlled machines that load explosives into ammunition
co.nponents

Deluge sprinkler s)stems installed at other than our Joliet location, when
"tripped", continue to flow water in large quantities after the need for that
flow has passed.  This flow continues until either the control valves are
turned off (if yqﬁ can get to them - more about this later) or the water supply
is exhausted. }And this has happened at some facilities)

A very real Rt%blem with all deluge sprinkler systems is that many times the

; thing that gét off the system is not a fire. The extreme spark/flame
sensitivity of these ultraviolet or infrared fire detectors also means that
they are .subject to nuisance trips from electrical shock, excessive humidity,
interior faults, etc. Many times the large quantity of water now all over your
facility never had a fire to put out. Moreover any explosive material present
in the deluged area may now be spread all over the place. This causec a
t;ghendous safety hazard when the explosive dries out. The dispersed explosive
2lso can cause a pollution problem.

e systems -Hoheywell-desigmad -and installed at Joliet have electronic timers,
fast acting pneumatic valves and back-up electronic circuitry to control the
length of the deluge water flow. The systems can restart deluge water flow for
a number of conditionsyas later explained.

Ggiizggégﬁﬁ—have back-up fail-safe modes that allow for main power failure,
air pressure failure and manual reaction to damaged equipmen5,§;

Let's see what happens at most other deluge sprinkler protected facilities.
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VU-GRAPH 2 PLEASE (Picture of a lake)

Is this what your plant looked like the last time your deluges tripped?
The boat is anchored to building #31

Most other deluge sprinkler systems have a continuous flow thru the deluge
heads once the system is tripped. The only way to stop the flow is to turn
off the water supply valves or run out of water.

Unfortunately, the appropriate water supply valves are usually located close
to the accident area.  If there is explosive material in the accident area,

permission from the safety department must be obtained before your mechanic

can enter the area. If your safety engineers are not on site (it may be

2 A.M. Sunday with no lines operating). You may run out of water before you
can get permission to close the valves.

This possible loss of water supply could jeopardize other operating lines
that draw fire protection water from that supply. It even could force produc-
tion lines to stop operation and force the workers to evacuate their area.

As stated earlier, excessive deluge sprinkler water flow in areas containing
explosives also can cause widespread polution problems.

Again remember, many of these deluge water flows may be the result of an
accidental "trip". There may never have been a fire.

VIEW GRAPH 3 PLEASE - (Pic of hopper with deluge protection)

Let's see how Honeywell's system operates

Somaething trips the deluge system. It may be a fire or it may be a nuisance
trip. The deluge sprinkler water flows for a preset time and the panel turns
off the water supply. Any continuing fire or any new fire is detected by
the system and water is automatically reflowed. Water also can be manually
flowed under unusual circumstances.

No one has to get into an area possibly contaminated with explosive materials
to shut off valves, you do not tcke the chance of exhausting your water supply
and your facilities are not under water.

How was our system designed?

Honeywell has been making inert metal parts and fuzes for 20 plus years.
We always subcontracted our production requirements for load, assemble and
pack (LAP).

when we entered the LAP end of the small caliber ammunition business several
years ago, we reviewed the existing manufacturing procedures in use at other
ammunition loading facilities. We found that some of these procedures had not
been upgraded to current technology.
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My end of the business is facilities, so let's see what we had to build on.
Our "new" facilities at Joliet, were composed of cix (6) 1940's built
WWII fuze and booster assembly groups. Tw¢ (2) of the groups last had
explosive assembly work in the 70's, -one (1) in the 60's. one (1) in the
50's and two (2) were basically "abandoned in place" (as far as explosive
assembly work) at the. end of WWII. '

:;""' ne our needs dldn't match the best that wai left, you can see we had an
excellent opportunity to consider new techniques for fac;litization as e
were almost starting frcm "scratch" S

We reviewed the mcst recent "state~of-the~-art" electrical and mechanical
equipmernt/designs to see if they were applicable.

Cur foremost design criteria, of course, was

’
i

SAFETY

Honeywell's proposed LAP procedures stated that we would, at Joliet, handle
: our explosive materials in a "maximum credible incident" (MCE) mode. This mode
' is defined in the AMC-R 385-100 Safety Manual.*

This MCE mode is based on the concept that when you can prove non-propagation
between piles or stacks of explosives, you can use the weight of the largest
pile or stack for your quantity distance calculations. You do not have to
use the total explusive weight in the building or even in various bays.

\
} Consult with your safety people if you think you could apply this concept. ' e
? These explosive unit-weight reductions can result in the following:

i 4 - less costly barricade/separation walls

) - less distance required between cperation buildings

! - 1less explosive hazard exposure to employees

‘ - less amounts of explosives involved in the event of a fire or detonation.
|

|

|

The last item, less amounts of explosives involved in a fire or detonation,
was the one that I keyed on tc try to develop a new deluge sprinkler fire
protection system. I felt we could control or limit water flow if we designed
proper safeguards = -0 the System. These safequards would have to iet the
system perform as a wanual system in the case of a catastrophlc accident, but
be responsive to our needs in a less serious situation.

I I e A

After consulting our in-house experts on explosive material behavior in burn
(deflagration) and hi-order (explosion) modes, we calculated the deluge
sprinkler water flow time intervals. We used the individual deluge nozzle ’
characteristics and the burn time of the explosive amount to be protected.

Yes, explosives burn, a lot faster than wood, but they will burn. Given their

choice, they often burn easier than they explode.

*As described in the AMC~R 385-100 (2-56) and (17-7) safety manual.

1350




calculated we added a circuit to allow the U/V detectors to continuously
scan. If the fire was still burning when the system trys to turn "“off",
the system recycles, If fire shows up after the system shuts down, the
extra circuit restarts the cycle and reflows the system,

b( - To make sure we could get more water if the fire burned longer than we

We also planned to use these controlled flows to wet down explosive materials
present in hoppers on the machines. This "wet-down" would render inert many

of the explosives we use and would greatly reduce the sensitivity of the rest
of then. :

Working with our deluage sprinkler contractor, we did the following:
VU-GRAPH 4 PLEASE (pic of detection panel)

We combined a U/V detector panel system with additional timer circuits and
over-ride circuits with

VU-GRKAPH 5 PLEASE (Pic of valves)

a regular fast acting deluge valve and a fast‘acting phuematicly closed, spring
opening valve.

VU-GRAPH 6 PLEASE (Pic of dection head)

Controlled by a self-checking (to see if the lens is clear) ultraviolet detector
system

VU-GRAPH 7 PLEASE (Pic of deluge sprinkler nozzels over hopper)

that can deliver deluge quantities of water where we want it and with a
controlled length of flow.

As stated before, the extra circuits allow the detector system to recycle the
timer if fire is present when the water flow is scheduled tc *urn off. They
also restart the flow cycle if fire shows up after the system has turn-off.
Control buttons were added to allow manual control water flow if some fire is
observed,

VU-GRAPH 8 PLEASE (Pic of TV camera)

say, when we use a remotelly controlled TV camera to scan an area of an incident.
The incident may have caused debris to block the U/V detector's view.

We also designed "fail-safe" features into the system. The basic detector-control
circuitry has battery back-up systems so that power failure will not affect the
operation of this primary function. The Honeywell added timed-interval system
was designed to be "fail-safe" to an open-flow mode if power or air pressure

were lost. Any loss of power or air would automatically cause spring loaded
valves to go to a position that allows deluge water to flow. This power or air
Joss will not flow an untripped system, only timed out systems would automatically
open and flow deluge sprinkler water.
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We may not need this extra water, but we will get it until, to paraphrase
Mr, John Houseman, "wa get our water flow stoppage the ol} fashioned way, we
turn it" (the valve to "off", that is).

Does it work?

VU-GRAPH 9 PLEASE (Pic of HJA)

In a machine area of one of our production lines at Jolie':, we press prepelleted
tracer pellets into projectile bases. The quantity of triiwcer pellets in the
nachine hopper is reasonably small (three (3) to four (4} pounds) and any fire
that would start in the hopper would he over very quickly (about three seconds).
Once a fire has started in the hopper, it probably could 1ot be put out. 1In
this case, we would only want to protect the equipment an¢! personnel and prevent
the spread of the fire to other areas in the room.

The machine is in a barricaded room with interlccks on all access doors. There
are no people in the machine area while the machine is op«rating and we monitor
the machine by explosion-proof remcote controlled TV camer:s.

Using all this data, we are limiting this zone's deluge sprinkler water flow to
five (5) seconds. Remember we have all the back-up systems to flow more water
if needed.

We had an accidental trip of the deluge system in this tr:cer charge area some
time ago. We "think" that a reflectior. off a polished br:iss belt buckle from
an arc~welding repair about 300' away got through several "open at the same
moment" doors and caused a U/V detector to dump the system. The machine was in
a stopped condition at that moment.

We, of course, evacuated the area and upon "all clear" started investigative
and explosives clean-up procedures. All the while timed-out deluge system
was still active and was protecting our personnel.

After the clean-up and the investigation was completed, our technican shut the
system down, reloaded the explosively operated water valve and we resumed
production. The clean-up time was minimal, the water damaje to the machine was
minimal, the explosive contamination of surrounding aveas was minimal and we
did not compromise our water supply. More importantly, we had full sprinkler
deluge protection during the whole clean up time.

Does it woxk, Part II

As in most explosive handling facilities, we have had some small “inzidents"
with explosive materials. Our barricades and shields have prevented any
personnel injuries but we have suffered some minor machine 3Jamage.

More important, to this discussion, the flow controlled deluge sprinkler systems
have performed as required and have done all the things we designed into them.

We have protected our people, put out the fires, prevented propagation to hoppers
containing explosives, kept explosive contamination problems to a minimum, kept
clean-up to a minimum, reduced machine damage, reduced structure damage and

kept down time as low as possible.
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In conclusion

The timed interval control systems that we added to our recently installed
deluge water sprinkler systems at Joliet, were well worth the small extra
cost of the equipment and installation.

We have a safer system and a system more responsive to our needs.

Any questions?

E
E
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PYROTECHNIC FIRE SUPPRRSSION SYSTEM EVALUATION

Joseph P. Caltagirone
U.S. Army Armament Research, Development and Engineering Center
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\ Abstract

N

\g*he manufacture and processing of pyrotechnic mixes has been marked in
the past by accidents due to the inherent sensitivity of the materials to
stimuli such as friotion, impact and stetic electricity discharge. A pro-
gram was under taken to evaluate the effectiveness of a fire suppression
system in fighting pyrotechnic fires. This paper summarizes test results on
several compositions using different deluge components and configurations
‘ and efforts that have resulted in improving the response time and
effectiveness of fire suppression systems.
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PYROTECHNIC FIRE SUPPRESSION SYSTEM EVALUATION
In ion

The manufacture and process of pyrotechnic materials has been marked in
the past by accidents, primarily fires caused in part by the inherent sen=-
sitivity of the materials to stimuli such as frioction, impact and static
electricity discharge. The day-to-day handling of pyroteuhnic materials
during their manufascture greatly enhances the probability of an inoident and
the probability of injuries and fatalities.

To improve the manufacturing of pyrotechnics from a peracnnel safety
standpoint, either the sensitivity of the pyrotechnic must be reduced
through changes in the formulation, or the human contact with the pyrotech-
nic can be eliminated or at least reduced through protective isolation of
the equipment, or through the use of fire detection or suppression systems
to extinguish or at least control any fire that may result. The use of
water deluge systems in the manufacturing and processing of explosives and
propellants has been extensively investigated and water deluge systems have
become an integral psrt of explosives and propellant manufacturing. The
application of water deluge systems f'or pyrotechnic applications however,
had not received the same level of attention and experimental evaluation.
This multi-year effort was therefore designed by the Army to fill this gap,
i.e., to develop a water deluge system for pyrotechnics and t¢ experimen-
tally evaluate the effectiveness of the system. The program was divided
into the following tasks: 1) Survey existing GOGO and GOCO pyrotechnic
manufacturing facilities to determine what fire suppression capabilities
were on line, 2) assemble a "typical" fire suppression systam currently
installed at the plants and evaluate its effectiveness against pyrotechnic
fires, and 3) improve the response time of the fire suppression system.
This paper presents an overview of the work perforamed as part of this
progran.

Survey and Test Setup

| As part of this program, five facilities that manufacture pyrotechnics
were visited: Longhorn Army Ammunition Plant, Lone Star Army Ammunition
Plant, Lake City Ammunition Plant, Pine Bluff Arsenal and Crane Army
Ammunition Activity. Of these five facilities, only Longhorn and Lone Star
AAPs had any extensive type of deluge system in their manufacturing and
process bays. Briefly, the types of fire suppression systems installed
consisted of a manifold system with sprinkler typs nozzles or protector
nozzles strategically positioned over the mixers, granulatcrs, blenders etc.
Figure 1 shows a typical mixer bay used in manufacturing a magnesium based
flare nix and the water deluge nozzles positioned over the mixer. The
deluge system is functioned by a UV detector/controllor system. Once the UV
detectors have sensed a fire, the coatrollor issues a "FIRE" alarm which
closes a solid state relay thereby powering an explosive actuated valve that
1 then releases water through the manifold and out of the nozzles. Southwest
| Research Institute assembled a water deluge system for experimental verifi-
| cation as shown in Figure 2. This system consists of a flow loop powered by
a standard Hale fire pump, an in.line Primac high-speed explosive actuated
valve, a manifold system with five nozzles each equipped with rupture disks
or blowout caps. Figure 3 shows the assembled water deluge system with the
UV detectors and a simulated mix muller. Water deluge tests were also
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oonducted with the pyrotechnic materials in a aimulated granulator and in
drying trays. Typiocal water delivery rates for the deluge aystem were 40
gpm per noszle at line pressures of approximately 60 psi.

Bxperinental Evaluations

Teat Plans:

The water deluge syatem was evaluated using various types of pyro-
technic materials: an aluminum based starter mix, a magnesium based flare
mix M206 (both wet with a solvent and in a dry granulated condition), a
second magnesium based flare mix (MKi5), and three smoke mixes. The systenm
was evaluated varying the following parameters:

- Type of pyrotechnic material

- Quantity of material involved

- Condition of the pyrotechnic (wet with solvent or dry)
- Ignition scenario (bottom or top ignition)

= Number of UV detectors

- Water preasure

- Nozgzle spray pattern

- Deluge height

Multiple Detector Tests:

A series of taests were performed to determine the effect that the
use of multiple UV detectors would have on the aystem response time, The UV
detectors used were DET-TRONICS Corp. model DE 1777 sensors with a DET-
TRONICS Corp. model 7303 controllor. Small pyrotechnic charges were placed
in view of the detector(s) on z drying tray and ignited using eleotric
matches. The elapsed time required for the controllor to ample and declare
a fire was recorded for each tesat performed. Tests were conducted using
one, two, and four detectors. Based on the results of the test series, it
was very obvious that the use of multiple detectors improves the detestion
system overall response time. The contrullor counts UV pulses from the
detectors and must reach a pre-set number of counta befure it will issue a
Iire alarn. When muitiple detectors are used, the controllor will sum the
UV counts transmitted from each detector thereby responding much faster than
if only oune detector is used because the controllor must wait for that one
detector to transmit all of the necessary counts.

Starter Mix Tests

A total of 11 tests were conducted using the starter mix end varying the
quantity of mix, the point of ignition, the nozzie spray pattern, and the
quantity of water applied. In all of the tests, the mix was contained in a
typical drying tray as shown in Figure 4 and ignition of the starter mix was
performed remotely using an electric match. A number of preliminary tests
were performed in order to optimize the nozzle type for use in the deluge
testing. Tests were performed using 45 degree spray nozzles, 30 degree
spray nozzles, 15 degree ves shapa nozzles and 15 degree full cone nozzles.
Tests showed that the 15 degree full cone nozzles were the most effective in
delivering concentrated high veliocity water that could penetrate an intense
fireball such as that produced by pyrotechnics. The decision was made to
porform all of the starter mix tests using the i5 degree full cone nozzles,
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each equipped with a gold leaf rupture disk and using two 'IV detectora. The
deiuge system was successful in extinguishing the pyrotechnic fire in each K
of the 11 tests. The average detection time was 221 msec after ignition of
the electrioc match and the average Primac response time was 234 masec after
ignition. The average water-at-the-nozgle time for the 11 tests was 127
mseo after UV detoctor actuation. A summary of these tests is precented in
Table 1.
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Six additional tests were performed using the starter mix in a simulated
mix muller as shown in Figure 5. This series of tests utilized four UV
detectors and the controllor was set to trigger at a more sensitive rate of
10 counts instead of the 25 previocusly used. The use of a high walled mixer
had no appreciable effect on the response of the deluge system. The deluge
successfully controlled and extinguished all 6 fires with no difficulties.
The average UV detection time for these tests was 173 msec which was faster
than the previous series run with only two detectors. For this series of
tests, the deluge system controllor was equipped with a solid state relay
instead of a mechanical relay and the Primac respcnse time was basically the
detector response time i.e., the average Primac response time was the same
as the average deteotion time, 178 msec. The average water-at-the-nozzle
time was 122 msec after UV detector actuation which is very close to the
average times roecorded in the sarlier work. Table 2 presentas a summary of
the results of these tests.

M206 Tests

A total of 16 tests were performed using the M206 pyrotechnic mix which
is a magnesium based illuminating flare mix. Tests were conducted on the
mix wet with a solvent (simulating the actual mixing conditions) and also
dry and granulated into a specific size. In the actual test program,
important parameters such as the following were varied: quantity of
material, quantity of solvent (% ratio), water application rates, height of
the nozzles from the mix, and ignition point. Throughout this portion of
the test program, the nozzles on the deluge system were equipped with blow-
of f caps instead of the previously used rupture disks and a total of four UV
detentors were used to further decrease the detector reponse time. All
tests were performed with the mix in the simulated mix muller and ignition
was acoomplished using an electric match/starter mix booster combination.

Of the 16 tests performed, seven tests involved the dry, granulated M206
nix (three of these tests were performed with the deluge manifold lowered by
0.61m (2 ft)) and nine tests were performed with the M206 wet with solvent.
For the seven dry mix tests, the time required by the UV system to sense the
pyrotechnic fire varied from a minimum of 75 msec¢ to a maximum of 375 msec (&
after ignition of the electric match. The deteotion times for the remaining Saa
five of the seven tests were very close with a minimum time of 87 msec, a
maximum of 112 msec and an average of 99.6 msec. Water-at-the-nozzle times
were nmeasured on four of the tests with the times varying from a minimum of
50 msec to a maximum of 138 msec after detector response. On all of the
tests involving the dry mix, the deluge system did not respond fast enough
to make a difference and the fireball lofted and burned above the manifold.
The mix burned so fast and so violently that the deluge had no chance in
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putting out the fire., Figure 6 is a sequence of pictures of one of the ;ﬁyq?;gg

tests using the dry M206 and as can be seen, the fireball lofts and burns ﬁq?x\,_

above the manifold. N
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Tne UV detector responss timea for the nine teats performed using the
solvent wet M206 mix varied from a minimum of 71 msec to a maximum of 238
msac after ignitioa of the electric match. The average reaponse time for
the nine tests was caloulated to be 132 msec. If the minimum and maximum
times are eliminated, the averagse for the remaining seven testa is 125 mseo
which is alightly faster than the total average time. Water-at-the-nogele
times varied from a miniunum of 34 msec after fire detection to a maximum of
183 msec. The average water-at-the-nozszle time was caloulated at 108 msec
after detection which is approximutely 17 msec slower than the dry mix
times. Actual burn times for these tests varied from a minimum of 3.85 sec
to a maximum of 60.1 sec. and these variations were dependant on both the
water application rate and on the parcentage of solvent used, where the burn
times were less for those tests with the higher solvent ratio. In all of
the wet mix tests the water deluge system wa: very effeoctive in controlling
the subsequent fires and in eventually extinguishing them. Some of the
tests resulted in fires that burned for a long period cf time, however the
burn was a controlled burn and a very survivable one. Figure 7 is a
sequence of pictures of one of the longer burning "wet" mix tests. This
partioular test burned for over 11 seconds, Figure 8 is a sequence of
pictures showing one of the tests uaing actual wet mix made by SWRI. As
shown in the pictures, the rire is quickly extinguished, The mesh seen in
the victures was installed around the mixer to help catch some of the mix
washed overboard. The three tests performed with the lower deluge showed no
appreciable change or reduction in the burn time. Table 3 presents a sum-
mary of the M206 mix (dry and wet witk solvent) water deluge test results.

MKUS Flare Tests

A total of 15 tests were performed usirg the MKA5 flare mix which is
another magnesium based mix. The tests were conducted varying the quantity
of mix, the shape of the pile of mix (cone shaped or flat), the water ap-
plication rate, and the height of the deluge. The tests showed that the
fire ball height was greatly affected Ly the shape of the mix prior to
ignition with the cone shaped tests having the larger fireball heights. The
time required by the UV detectors to sense the fires varied considerably
from a minimum of 283 msec to a maximum of 829 msec. Thia variation is wuch
larger than in any of the materials previously tested. The average UV
response time was calculated at 490 msec after ignition of the electric
match. Detection times for nine of the 15 tests were within 22% of the
average time. Water-at-the-nozzle times were measured for 14 of the 15
tests and the fastest time measured was 51 maec after detection of the fire
and the slowest vime was 149 msec after detection. An average water-at-the-
nozz.e time was calculated und found to be 81 wmsec after detection of the
fire. Eight of the 14 tests had water-at-the-nozzle times within 23% of the
average time, while 13 out of the 14 tests had water-at-the-nozzle times
within 37% of the caloulated average. In all of the cone shaped tests, tae
water deluge system was irneffective in extinguishing the fire since the bulk
of the mix became involved before the UV detectors could sense the fire. On
those tests where the mix was in a flat oconfiguration, the water deluge
system did have an appreciable affect on the fire ard some unburned residual
material was recovered. Figure 9 is a sequence of pictures showing the
results of one of the "flat" tests and as can be zeen, the deluge does have
some affect on the fire even though there is a vcry large initial fireball.
Table 4 summarizes the results of the 15 tests with the MKi5 mix.
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Smoke Mix Teats

A large number of tests were conducted using three smoke mixes: green

| smoke, yellow smoke and HC smoke. Tests were performed with the smoke mixes
in the simulated mix ruller out in the open and in the mix muller in a

| simulated mixing bay. Two tryes of detectors were used, the standard UV

| detector and a prototype dual mode smoke/UV detector manufactured by

1 DET-TRONICS Corp. In the tests with the standard UV detectors, only the HC
| smoke fires tere recognized promptly. Since the actual combustion of the
green and yellow smokes was rather mild yet produced vast quantities of
smoke, detection of any fire did not occur until the combustion was practi-
» cally overr and the detectors were not shielded by the smoke. The HC smoke
burned much more violently and flames were plainly visible to the detentors
early in the test. Table 5 presents the results of the tests using the
standard UV detector.

A total of 17 tests were performed using the dual mode smoke/UV detec=
tors. These tests were performed in the simulated mixing bay and tests were
performed with the detector in six different positions in order to maximize
its effectiveness. In all of the tests with the green and yellow smoke
mixes the detector was ineffective in sensing the fire. These particular
mixes created large quantities of dense smoke that fooled the detector into
thinking that the optics were dirty and subsequently issuing erroneous smoke
| “fault" alarms instead of "fire" alarms. Table 6 presents the results of
I the 17 tests performed with the dual mode smoke/UV detector.

Improved Deluge Design

The earlier work demonstrated that the existing deluge de..gn, i.e., the
design utilizing the Primac valve did not respond fast enough to effectively
combat certain pyrotechinic fires especially those involving dry mixes. It
was therefore decided to modify the existing deluge in order to speed up the
response time and then experimentally evaluate these modifications to see if
the system response was adequate to extinguish the dry pyrotechnic mix
fires. Several "fixes" were investigated, among those being the use of a
combination UV/IR detector in an attempt to speed up the detection time, and
the use of explosive actuated valves at the nozzles in leiu of the standard
Primac valve to speed up the water delivery time,

; UV/IR Detector Tests

A prototype UV/IR detector manufactured by ARMTEC Industries, Inc. was
experimentally evaluated to see if the dual mode deteotor was faster
responding than the standard UV detector manufactured by DET-TRONICS Corp.
and used on all the previous work. Comparison tests were performed using
both systems and the DET-TRONICS UV detector system with multiple detectors,
i.e., 4 detectors were repeatedly slightly faster than the ARMTEC dual mode
detector. In the comparison tests, both systems were mounted sideo-~by-side
and subjected to the same pyrotechnic fire scenario to insure that no one
system would see a different fire. The test setup is shown in Figure 10.
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Explosive Actuated Valve Evaluations

The use of explos.ve actuated valves at the nozzles was evaluated and
experimentally verified using two different dry pyrotechnic mixes and one
wet with a solvent. As part of the evaluation process, manufacturers of
explosive actuated valves were contacted in orde:s to evaluate off-the-shelf
valves in terms of design, effectiveness, and cost. The off-the-shelf valve
shown in Figure 11 proved to be cost prohibitive so a modified explosive
actuated valve was designed by SWRI. Figwre 12 shows the modified valve
disassembled and it consists of a commercially available rupture disk
holder, a rupture disk and an explosive cap that is placed in contact with
the rupture disk. Figure 13 shows the fuily assembled modified explosive
actuated valve. The cap, which is a directional fragmenting explosive is
functioned by the UV detector controllor electronics. Comparision tests
between the Primac system and the modified explosive actuated valve syztem
were performed and showed that the explosive actuated valve responded much
faster than the Primac system ever could. In the previous work done with
the Primac system, the Priwac valve was 12 to 15 feet upscvream cf the mani-
fold and due to the hydraulios involvsd with the system and the resistance
given by the hlow-off caps covering the nozzles a typical response time for
water-at-the-nozzle from detection time was 120 to 150 msec. With the
explosive actuated valve system at the nozzle, the water-at-the-nozzle time
was reduced to approximately 5 to 6 msec which is the time that it takes the
explosive cap in contact with the rupture disk to function. In effect, the
water-at-the-nozzle time was reduced by over 110 msec. These results were
so favorable that it was decided to experimentally evaluate the deluge
system equipped with explosive actuated valves.

Explosive Valve Deluge Tests

A series of tests were performed using the improved deluge design to
determine the effectiveness of the deluge in combatting dry pyrotechnic
fires., Tests were conducted with the dry M206 flare mix and with the dry
MK45 flare mix in a simulated granulator as shown in Figure 14 and varying
the quantity of mix, the shape and the ignition point. The teats with the
dry M206 used 1 1b and 3 1b of mix and were ignited at the bottom and at the
top of the mix respectively. The tests with the ignition at the bottom
showed that even though the deluge system responded within 50 msec after’
detection, the mix burned so fast laterally that by the time it had burned
vertically a sufficient amount for the detectors to view the fire, the bulk
of the mix was involved and was lofted such that the deluge was ineffective.
Ignitions of the mix just below the surface, however were successfully
extinguished without the bulk of the mix becoming invo'ved. Tests with the
MK45 flare mix also yielded similar results in that tae mix would burn
before the deluge had a chance to function. Figure 15 shows a sequence of
pictures of a test with the M206 mix in a granulator and ignited at the
bottom and as can be seen in the sequence, the event is not controlled by
the deluge. Figure 16 however is a sequence of a test with M206 ignited
near the surface and as can be seen, the deluge quickly extinguishes the
fire.

Full Scale Wet M206 Test

A full scale test of wet M206 was tested to simulate conditions as
mixed. This test involved 125 1b in a simulated mix-muller and mixing bay.




Th¢ booster was placed 3 in. from the surface of the mix, which was 5 in.
desp. At 317 msec after ignition of the booster, tue UV detector issued a
fire alarm and the deluge functioned. The system immediately extinguished
the fire whioch appears to have been an MEX fire before the M206 itsel’ had a
chance to get involwed. If the deluge system had been slower responding,
the M206 mix would have gotten involved and deluse would have taken longer
to extinguish the fire and if there were no dsluge aystem the mix would have
ignited when the MEX burned off.

- Gonolusions

Baned on the finding of the experimental program conducted, a number of
conclusions were drawn:

« Nozzles with a tight spray pattern such as the 15 degree full-cone
nogzles and with a high delivery rate are much more effective in penetrating
a pyrotechnic fireball and in subsequently controlling and extinguishing the
fire.

- The standard atate-of-the-art UV detectors appear to be adequate
for detecting most pyrotechnic fires ignited at or near the top of the mix.
The use of mulitple detectors greatly enhances the response time of the
detection system. However, for some of the dry magnesium based mixes, fires
espedially those ignited near the bottom of the mix (primarily the deeper
mixes) are not detected fast emough by ocurrent state-of-the-art deteotors to
allow the deluge enough time to extinguish the fire before it becomes fully
involved.

- The deluga system design used in this: program was very effective
in oontrolling and extinguishing fires involving the Pine Bluff starter mix,
the M206 mix wet with solvent, and the shallow depth MKUS mix (less than 1.5
in).

- The deluge system design using the explosive actuated valves
responded much faster than did the design using the Primac valve. This
design however, was not fast enough to extinguish the deeper dry M206 mix
fires that were ignited at the bottom of the mix nor did it extinguish the
deeper MKAS mix fires.

= The Southwest Research Inatitute modified explosive actuated

deluge valve deaign was comparable Lo the commercially wvailable valve in
rssponse tims, however, in cost, the SWRI design was much cheaper.
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Table 2. Summary of Starter Mix Tests
in Simulated Mix-Muller
. Test  Charge Igniter Engine  Line  Detector Flow  Water  Burn
; No. - Size rpm Press Time lit/min Nozzle Time
| kg (1b) kPa (psi) (msec) (qal/min) (msec) (sec)
1 100 gm 2 EM N/A N/A 222 N/A N/A 2.53
! 2 2.7 2 EM N/A N/A 108.3 N/A NJA  6.16
(5)

3 3.54 1 EM-BTM 1800 . 359 176 863 314 1.12

(10) Corner (52) (228)
4* 6.81 - 2 EM-BTM 1800 366 256 825 456 0.65

(15) Center (53) (218)
5 11.35 2 EM-BTM 1800 338 144 840 167 1.26

(25) Center (49) (222)
6 4.54 2 EM-BTM 1800 331 163 848 292 0.36

(10) Center (48) (224)
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Table 4. Summary of MKAS Flare Mix Tests

Test No. Charge Line P Flow Detector Water at Burn
kg kPa 1iter/min Time Nozz1le Time
(16) (p3i) (gal/min) (nsec) (msec) (sec)

1 C 91 729 418 519 1.

one B @& adts 5‘

2 Cone o.gl 433 . 847 793 942 1.5
(2 (82.7) (223.7)

3 Flat 1.23 454 786 287 387 1.12
(2.7) (65.8) (207.7)

§ Cona 1.36 471 808 411 510 1.17
{3) (68.3) (213)

S Cone 27 460 808 Lk | 521 1.59
5) (66.7) (213)
. a7 .

6 Cone f5§7 (ggfs) (gfg) 527 2.0

7 Cone 2.27 460 806 431 483 1.66
(5) (66.7) (213)

8 Flat 2.27 483 825 468 531 1.67
(5) (70.0) (218)

9 Flat 2.27 449 825 39 422 2.05
(5) (65) (218)

10 Cone 2.27 656 988 600 6758 1.55
() (95) (261)

11 Flat 4.54 662 988 721 801 - 2.98
(10) (96) (261)

12 Flat 4.54 587 924 829 882 2.77
(10) (85) (244)

13 Flat* 2.27 545 943 520 5§75 0.98
(8) (79) (249)

14 Cone* 2.95 531 882 381 432 1.18
(6.5) (77) (233)

15 Flat* 4.54 587 924 283 400 N/A
(10) (85 (244)

Note: Test 1 had 2 UV detectors located 1.82 '856 ftg from center of mixer.
Tests 2-12 had 2 UV detectors located 1.82 m (6 ft) and 2 UV detectors
located 2.44 m (8 ft) from center of mixer, '
e All teits were performed usin? the 15° Full Cone nozzles
o All tests were ignited ust electric match and a 5 grain booster
of IMR 4227 located at the bottom center of the mix.

t Manifold lowered - UV detectors located 1.75 m (5.75 ft) from center of mix.
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Table 5. Summary of Smoke Mix Tests
Using UV Detactors

Test No. Smoke Charge Igniter UV Detection Time

1 Green 4.54 kg 1EM& S gr 63.7 sec
‘ (10 1b) Booster

2 Green .27 kg 1EML S gr 118 0 sec
(5 ) Booster

3 Yellow 2.27 kg 1EM& S gr 35.1 sec
(5 b) Booster

4 Yellow 4.54 kg 1EML S gr 10.7 sec
(10 1b) Booster

5 Yellow 2.27 ke 1EMLE S gr 32.1 sec
(5 b) Booster

6 o 0.454 kg 1ML S gr 425.0 msec
(1 1b) Booster

7 HC 0,454 kg 1 EML Sgr 458.0 msec
| (1 b) Booster

8 HC 0.454 kg 1EML& S gr 423.0 msec
(1 b) Booster

"4
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Table 6.

Test Smoke Charge
!f‘* Green .
(1.0 1»?
2 Green 0.908 k
(2.0 b
3  Yellow 0.454 kg
(V W)
4 Yellow 0.454¢ k&
(1.0 b
5 Yellaw 0.454 &
(1.0 b
.6 Yellow 0.454 kg
(Y )
J7 Yeilow 0.454 k
(1.0 b
.8  Green 0.454 kg
(1 b)
.9 White 0.454 kg
(1 1b)
10  Green 0.454 kg
(1 b)
11 Yellow 0.454 kg
(1.0 1b)
12  Green 0.454 kg
(1 1b)
13 - Yellow 0.454 kg
(1 b)
14  White 0.454 kg
(1 1b)
15 Yellow 0.454 kg
(1.0 1b)
16 Green 0.454 kg
(1 b)
17 White 0.454 kg
(1.0 b)

Summary of Smoke Mix Tests
Using Dual Mode Detector

[gniter

Oetector Position

gr
Booster

EM & 5 gr
8ooster

EN& S gr
8coster

NG S gr
Booster

Mg Sgr
Boostur

ERRSgr
Booster

EM & S gr
Booster

EM& S gr
Booster

EM & S gr
Booster

EN & S5 gr
Booster

EM & S gr
Booster

EM & 5 gr
Booster

1 EM& S gr
Booster

LEM& S gr
Booster

lLEM L 5 gr
Booster

lEM L S gr
Booster

lEM & S gr
Booster

1380

Center over
Nixer

Centered over
Mixer

Centered in Bay
Facing Mixer

Centered in Bay
Facing Mixer

Centered 1n Bay
Facing Mixer
Across Doorway
Across Doorway
Across Doorway
Across Doorway
Top Front Wall
Top Front Wall
Centere; Across

Mixer

Centered Across
Mixer

Centered Across
Mixer

Top Backwall

Top Backwall

Top Backwall

Smoke/F lame
ion TH
ection

No Detection
- 30 sec

Flame

Flame - 194.5 sec

Flame - 11.6 sec

Smoke - 33.0 sec

Smoke - 129.2 sec

Smoke - 141.2 sec

No Detection
No Detection

Smoke - 179 sec

Smoke - 140 sec
Smoke - 141 sec
Smoke - 90 sec
Smoke. - 90 sec
Smoke - 12C sec

Smokedt - 82 sec
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Figure 1. Typical Pyrotechnic Mixing Bay
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—TNo. ¢

No. )

4 ft

Nozzles

|

to. s B —F
it

No.ZF*-—*
2 in.

Pipe 2 ft

Primac

Line Pressure
Transducer

Figure 2.

Flcwmeter—-1

r—'- 2-1/2 in. Water Pipe

Pump

Flow Loop for Water Deluge System @
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Figure 3. Assembled Water Deluge System
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Figure 4. Drying Tray Test
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Figure 5. Deluge Setup with Simulated Mix-Muller
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Figure 7. Sequence of M206 "Simulated Wet"™ Mix
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Figure 10.

UV/IP Detector Test Setup
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Figure 11, Fike AlO0 Deluge Valve
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(Left to Right:

Figure 12, Threaded Rupture Disk Assembly.
Nozzle, Threaded Half, Rupture Disk, Right Half, and Explosive Cap)
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Figure 13. Explosive Cap in Contact with Rupture Disk
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Figure 14. MKR45 Composition in Simulated Granulator
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PILOTEX
ULTRA HIGH SPEED DELUGE

FIRE PROTECTION SYSTEM FOR
MUNITIONS, EXPLOSIVES, PYROTECHNICS

AD-P005 357

GARY A. FADORSEN

"AUTOMATIC" SPRINKLER CORPORATION
PILOTEX SYSTEMS DEPARTMENT
1000 EDGERTON RD.
BROADVIEW HTS., OHIO 44147
(216) 526-9900

August 25, 1986
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EN : DESCRIPTION

| .

THEdQAUTOMATIEQESPRINKLER PILOTEX SYSTEM, IS AN ULTRA
HIGH SPEED FIRE SUPPRESSION DELUGE. Operation from release
actuation to delivery is accomplished in the millisecond
range.

High pressure priming of fire main pressure and simultaneous
opening of all nozzles connected to one pilot line make the
PILOTEX Deluge System unique.

When a fire is detected, the solenoids are acﬁivated,
pressure 1is relieved in the pilot line, which normally holds
the valve closed in each discharge head. Because the detection
is electronic and watef 18 immediately available at the nozzle,
an extremely fast response time 1s possible.

Eack PILOTEX piping system 1s specially designed fo cover
the hazard effectively. Different discharge patterns are
available simply by adapting AUTO-SPRAY nozzles to the PILOTEX
head;ﬁ:;

The basic components of the Ultra High Speed PILOTEX Deluge

System are:
PILOTEX valves with nozzles.
High Speed Module (HSM)
Detection System
Solenoids
APPLICATIONS

The PILOTEX Ultra-~High Speed Deluge is used where rapid

August 25, 1986
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' discharge of water is required, such as in high hazard applications
where speed of operation measured in milliseconds is needed to
control or extinguish the combustion reactions of high energy
fuels, liquid or solidvfuel propellants, gaseous fuels, metal
powders, munitions'products, grains and dust handling systems
and ofhers.

Detection and operation can be achieved in various ways
depending upon time requirements:

1. By Race-of-Rise -~ H.A.D.'s send a pneumatic pressure impulse
to trip an "AUTO-SENTRY" release dumping pilot pressure. This
type can be reset after operation(operation in seconds).

2. By Fixed Temperature Units, such as sprinklers, installed
on pilot line at acceptable spacing. They must be of a

b type where the fusible element is directly connected

with the water in the pilot line. These, if fused, must be
replaced before restoring pilot pressure. (slowest configuration)

3. By Electronic Detection (UV, or IR or Thermal) opening a
solenoid-operated relief valve. (millisecond respoase time)

4. By manual means - either electrically by use of vpush button
and solencid valve or Ly manually opening a ball valve,
(releases pilot pressure).

The speed of operation of this system is particularly
suited for the protection of special -hazards. It has the

advantage of a primed deluge system, it may be instailed as

August 25, 1986
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a modular section of a larger sprinkler system, such as a
deluge extension to a wet pipe system.

Fire alarm may be obtained by use of Water Motor Alarm,
Water Flow Indicator, Pressure Switch on the pilot line or

electronically via control panel.

August 25, 19856
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OUTLINE OF THE
HISTORY OF HIGH SPEED SYSTEMS

I. Conventional Wet & Dry Pipe Systems

A, Wet Systems - 3 - 5 minutes to set off sprinkler
B. Dry Systems - Water to sprinkler head 60 seconds
after sprinkler head is s»t ofr.

II. Deluge Systems

A. Open Head Systems = 15 seconds to 2 minutes depending
on detection.
B, Primed Deluge System - with U.V. or I.R. detection
this system could be as fast as
1 - 2 seconds.
C. Squib Operated Primed Deluge - with flame detectors
this system can be
made to work under 1
secoad,
D. Pilot Operated Primed Deluge {(Pilotex)-
with U.V. or I.R, detection, this system (if
designed and installed correctly) will give
consistent response times of well under 50
milliseconds.

Note: System response time is defined as: The elapsed time

from instant detection of flame to flow at worst case nozzle.
"AUTOMATIC" offered squib operated valve - "SPECTRONIC"

from 1960 to 1968. However, due to high maintenance,

cumbersome resetting and unreliable response times, the valve

was dropped from the "AUTOMATIC" product line.

The Pilotex nozzle originally developed as an "on-off" sprinkler

for archives in Washington, has found extensive use in munitions.
The system was then used manually or with rate-of-rise

release.

August 25, 1986
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With the advent of sophisticated electrical detection and @
control equipment we operate using a solenoid release valve.

Features:

1. System can be set up using any of the modern electrical
detection and alarm system including ultra violet,
infra red, gas detectors or pressure sensors.

2., Sysi=z2n can be discharged in the event of a total power
failure.

3. System is reset with a push of a local or remote
push button. No squibs to replace, no rupture discs
or caps to replace, no re-priming of the system piping
to be done. No replacement parts after a discharge.

! 4. System has full supervision of the electri:al circuits
| unlike squib operated systems where ycu cannot
supervise the squib.

! ‘ 5. At any given test pressure Pilotex will outperform
| any squib operated valve.

6. Due to quick reset feature a large number of systems
can be tested in a short amount of time. -

P

The following is a comparison of features of the Pilotex
pilot operated system as compared to the Spectronic explosive

squib operated system.

PILOTEX SPECTRONIC
(PILOT OPERATED SYSTEM) (EXPLOSIVE SQUIB OPERATED SYS)
Each head is an individual Operation of complete system is
deluge valve(safety dependent on operation of single
thru redundancy) valve.
Redundant Solenoids Operation of complete system is
(system will operate dependent on operation of

even 1if all but one single valve.
solenoid fails). -

August 25, 1986
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PILOTEX SPECTRONIC
(PILOT OPERATED SYSTEM) (EXPLOSIVE SQUIB OPERATED SYS)
Electrically supervised Electrical supervision of squid
for short, open and wiring for opens. Only wire is
grounds. supervised. Explosive in squib
cannot be supervised.
System Reaction Time A drop in supply pressure will
is not a function of cause a drop in reaction time.

supply pressure.

Available with mechanical Manual release will not operate
manual release (electrical in the event of complete power
manual release also loss.

available). Mechanical

manual release will operate

without electrical power

(line and/or standby).

System response time not Subsequent firing of adjacent
affected by adjacent system can cause loss of response
system firings. time.
§ Electrical reset Manual reset:
: (pushbutton reset 1. Main must be turned off.
i achieved in seconds) 2. Gold rupture discs or blowoff
. : caps mut be replaced (at
each nozzle). "

‘ 3. Valve is then rearmed with
§ explosive squib.

| 4, System is slowly filled to
| rrime.

5. Air is vented from system.

Ne reoccuring costs Replacement parts needed every time
to reset system. system is fired. :
2) Explosive squibs
1) Brass block
1) Break rod
plus gold disc's denending on
number of nozzles.

System can be tested Time required for testing is

and cycled quickly excessive, costly. Reset time
(less than 50 seconds between tests can go as high as
per test) 24 hours (when total air purge is
No parts to replace necessary)

August 25, 1986
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PILOTEX SPECTRONIC
(PILOT OPERATED SYSTEM) (EXPLOSIVE SQUIB OPERATED SYS)

No danger of handling Explosives must be handled each
explosives. time valve is reset. (often
in an explosive hazard area)

Automatic reset feature Not available.
is available.

Indefinite shelf life. Squibs have limited shelf 1life
and must be rotated and/or
replaced.

August 25, 1986
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r PIIOTEX VALVE SPECIFICATION
. DESCRIPTION

The PILO.CEX Pilot operated valve is a discharge device
that incorporates a pressure differential valve.

The PILOTEX valve uses pilot pressure to.aeal off supply
pressure, When pilot pressure is relieved, all PILOTEX valves
connected to the one pilot line open instantly and stmultaneously;
When piloé pressure is réstored, the nczzles close.

A PILOTEX valve consists of two-piece body threaded together
E and sealed with an O-ring. The upper body has a 1/2" NPT male
| connection for installation in standard pipe line fittings, and

a 1/4" NPT female connection for the pilot line. It is through
.this pilot line connection that the cylinder and poppet that
‘ make up the differential valve receive pilot pressure. The
poﬁpet has a teflon face which seats against the orifice located
l in the lower body half of the valve. The lower body is inter-

changeable to accomodate various types of discharge devices.

| TR "SR T v SNSRI

*The male adapter is often used where there is a need fnr
fl#nge mount or tc directly flood a melt kettle or mixer. The
female adapter 1is most often used with the auto spray nozzles
described later.

APPLICATIONS
The PILOTEX valve is used where rapid discharge of water

is required, such as high hazard applications where speed of

August 25, 1986

1405

A ROGEE NTERNANONAL oMY B

*
WA ST

s




operation measured in milliseconds is needed to control or

extinguish the combustion reactions of high energy fuels, ‘

l1iquid or solid fuel propellants, gaseous fuels, metal powders,

| munitions products and others.
}‘ OPERATION

When the PILOTEX valve is in its normally closed position,
the poppet is held against the discharge orifice by the pressure
within the poppet cylinder. When pilot line pressure drops,
the fire main pressure overcomes the differential, forces the
poppet up, and instantly starts full discharge.

When pilot pressure is restored, the poppet reseats even

against fire main pressure.

August 25, 1986
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. PILOTEX VALVE SPECIFICATION (continued)

9000 SERIES (MALE) 5000 SERIES (FEMALE)
3/4" 165-9075*% upper body 165-0001 3/4"165-5075* uppar vody 165-0001
lower body 170-0020 lower body 165-0020
1" 165-9100* upper body 165-0001 1" 165-5100% upper bodv 165-0001
lower body 170-0021 lower body 165-0C21
1 Y/4" 165-9125% 1 1/4" 165-5125*
upper body 165-0001 upper body 165-0001
lower body 170-0022 lower body 165-0022
PILOTEX ULTRA HIGH SPEED VALVE
PARTS LIST
165-0001 Upper Body Half
165-0020 3/4" Female Lover Body Half
165-0021 1" Female Lower Body Half
165-0022 1 1/4" Female Lower Body Half
170-0020 3/4" Male Lower Eody Half
170-0021 1" Ma.e Lower EBody ialf
170-0022 1 1/4" Male Lower Rody Half
170-0019 Unmachined Male Body T.ower Half
1 165-006 Brass Poppet Back
€5165-006 Poppet Assembly
1419189 "0" Ring for Poppet 3/32 x 5/8 x 13/16 (Buna =N,
Teflon Coated)
1600117 "O" Ring for Body half Seal 1/16 x 1 1/2 x 1 5/8

(Buna -N)
*NOTE: All valve assemblies include: Poppet assembly, carton,
label, upper/lower boedy halves, "O" ring for body half seal
and Poppet "O0" Ring (poppet "0" ring should be removed for

munitions applications.

August 25, 1986
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AUTO-SPRAY SPECIFICATIONS

Fires invoiving flammable liquids are usually speady,
violent and stubborn to extinguish. Ordinary methods of fire
rrotection are not effective.

"AUTO-SPRAY" is the most efficient method of applying water
on such hazards. The Autn-Spray nozzle provides a high velocity
direcrional spray. It 1s designed to impart sufficient velocity
to the water spray to prevent dissipation of dilscharge hefore
it reaches the surface to be protected. Interior spiral
deflectors and a center jet break the water into the directional
full cone spray.

"AUTO-SPRAY" NOZZLES are the high velocity solid cone
type, ana are available in the folluwing designations or
categories to sult specific requirements.

NA - Narrow Angle
MA - Medium Angle
WA - Wide Angle
LT - Long Throw

F - Flat Type

"AUTO-SPRAY" NCZZLES are designed primarily for use with
Pilotex systens operatvd by flame detection, but may be
actuated by vapor, smoke, rate of rise, electronic or photo-
electric detection units. They do not employ a fusitle link
arrangement, unless used with fusible link in the pilot system.

Possible objectives of an 'Auto-Spray" system as per NFPA

#15 are:

August 25, 1986
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AUTO-SPRAY SPECIFICATIONS

a. Extinguishment of fire
b. Control of burning

c. Exposure protection
d. Prevention of fire
"AUTO-SPRAY" is designed to satisfy these objectives
by producing a coherent, uniform pattern which can be aimed at
the specific area to be protected.

"AUTO-SPRAY" nozzles have relatively large water ways

which make clogging from foreign material unlikely. It is

therefore not necessary to remove and clean each nozzle after
operation.

The internal construction of the "AUTO-SPRAY" NOZZLE is
such that a stream of water entering the nozzle is split
into two segments. The first segment is directed by turbine
vanes at the second segment, which flows straight through the
nozzle in such a way that a controlled turbulence is produced
at the orifice and breaks up the stream. The arrangement and
number of these internal vanes produces the great variety of
available patterns, and also atomizes the water spray so that
! uniform discharge throughout the pattern can be achieved.

All nozzles are shipped individually packed in small
cartons.

Nozzles are available for special application from most
machineable materials at extra cost. Contact factory on specific

materials, availlability and delivery.

August 25, 1986
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AUTOSPRAY NOZZLES

PIPE PIPE
NOZZLE TYPE CONN. CONN. ANGLE OF INVENTORY
. NUMBER MALE FEMALE PATTERN CODE NO.
5NA Narrow Angle 3/4 ~——- 60 1415050
7NA Narrow Angle 3/4 -——- 60 1415051
8NA Narrow Angle 3/4 -—— 60 1415052
10NA Narrow Angle 3/4 - . 60 1415053
12NA Narrow Angle 3/4 -—— 60 1415054
14NA Narrow Angle 3/4 -— 60 1415055
8MA Medium Angle 1 — 90 1415058
13MA Medium Angle 1 - 90 1415059
15MA Medium Angle 1 -—— 90 1415060
19MA Medium Angle 1 -—— 90 - 1415061
22MA Medium Angle 1 —-—— 90 1415062
26MA Medium Angle 1 1/4 -—- 90 1415066
28MA Medium Angle 1 1/4 - 90 1415067
38MA Medium Angle 1 1/4 ——— 90 1415068
10WA Wide Angle 1 - 120 14.5063
14WA Wide Angle 1 - 120 1415064 ‘
18WA Wide Angle 1 1/4 -— 120 1415069 !
29WA Wide Angle 1 1/4 -—- 120 1415070 e
15LT Long Throw 1 --- 40 1415056 |
22LT Long Throw 1 ——— 40 1415057
31LT Long Throw 1 1/4 - 40 1415065
187 F Flat Type 1/4 1/4 11 x 60 N.C.
218 F Flat Type 1/4 1/4 11 x 60 N.C.
250 F Flat Type 3/4 - 11 x 60 1415001
375 F Flat Type 3/4 —— 11 x 60 1415002
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AUTOSPRAY NOZZLES

. K-FACTORS OF PILOTEX SPRINKLER WITH MODEL 165
A ' (FEMALE THREAD) ADAPTOR AND AUTO-SPRAY NOZZLES

K-FACTOR K~FACTOR WHEN USED WITH

NOZZLE NOZZLE ONLY 'PILOTEX SPRINKLER ADAPTER =~ .
- 5NA 0.9 0.8
7NA 1.2 1.1
8NA 1.4 1.3
10NA - 1.8 1.6
12NA 2.2 2.0
14NA 2.6 2.4
8MA 1.5 1.4
13MA 2.3 2.0
15MA 2.7 2.4
19MA 3.4 2.9
22MA 4.0 3.6
26MA 4.8 3.8
28MA 5.1 4.2
38MA 7.0 4.7
10WA 1.8 1.5
~ L4WA 2.6 2.4
18WA 3.3 3.2
29WA 5.3 4.4
15LT 2.8 2.5
22LT 4.1 3.2
31LT 5.7 4.4
250F 1.4 1.3
375F 3.1 2.9
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SPECIFICATIONS
SOLENOIDS

DESCRIPTION

Solenoids are 2-way, normally closed intermnal pilot
operated solenoid valves. Valve bodies and bonnets are of
brass construction.

The solenoids are equipped with an enclosure which is
designed to meet NEMA type 4, watertight, NEMA type 7 (Cor D)
Hazardous Locations - class I, Group C or D and NEMA type
9 (E, F, or G) Hazardous Locations - class II, Groups E, F,
or G.

OPERATION
Normally closed: Valve 1is closed when solenoid is de-

energized and onens when solenoid is energized.

P

POSITIONING/MOUNTING

¢

This valve is designed to perform properly when mounted in
any position. However, for optimum life and performance, the
solenoid should be mounted vertical and upright so as to reduce
the possibility of foreign matter accumulating in the core
tube area.

PIPING
Connect piping to valve according to markings on valve

body. Apply pipe compound sparingly to male pipe threads only;

i1f applied to valve threads, it may enter the valve and cause

- —
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operational difficulty. Pipe strain should be avoided by proper
support and alignment of piping. When tightening the pipe,

do not use valve as a lever. Wrenches applied to valve body

or piping are to be located as close as possible to connection
point.

IMPORTANT: For the protection of the solenoid &alve,
install a strainer or filter suitable for the service in the
pilot linz. Periodic cleaning is required depending on the
sérvice condition.

WIRING

Wiring must comply with Local and National Electrical
Codes. Housings for all solenoids are provided with connections
for 1/2 inch conduit. The general purpose solenoid enclosure
may be rotated to facilitate wiring by removing the retaining
cap or clip. CAUTION: When metal retaining clip disengages,
it will spring upwards. Rotate to desired position. Replace

retaining cap or clip before operating.

August 25, 1986
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SPECIFICATIONS
LIGH SPEED MCDULE (HSM)

- High Speed Modules (HSM): High speed modules shall be
solid state modular 19" rack mountable units. They shall be
specifically designed to interface between the UV zone controllers
and the pilot valve solenoids. HSM's shall supervise solenoid
wiring for shorts, opens and grounds. They shall monitor the
UV zone controllers for fault and fire conditions. HSM's
shall also monitor manual pull stations, flow switches, pressure
switches and tamper switches. HSM during fire conditions shall
provide a high voltage pulse to operate :the pilot solenoid
valve. Relay output circuit shall be form C rate 3 amperes.
They shall have replaceable fuses on the front panel in both
the input power feed circuit and the pilot solenoid circuit.
HSM's shall have LED status lights on the face for fault
conditions, fire conditions and manual power on conditions.

They shall also be equipped with a timing test plug on the front
face. HSM's shall be suitable for 24 VDC with a maximum power

draw at 30 watts. Furnish Automatic Sprinkler #HSM.

August 25, 1986
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SPECIFICATIONS
HIGH SPEED MODULE (HSM) (continued) O

Solenoid Resistance Approximately 50 ohms.

End of Line Resistance 10 K Ohms.
(at auxillary device)

Relay output contacts rated a 3 Amps.

Circuitry: Solid State C-MOS logic and discrete switching components.
DC-DC Converter output 180 VDC.

Fuses: (One spare of each ou Matin Circuit Board)

Power Feed 2 Amp
(Microtype)

Solenoid Circuir 1 Amp
(dicrotype)

|
|
|
|
|
|
|
’ VOLTAGE: 24 VDC
NORMAL/STANDBY CURRENT: 210ma
BYPASS/RESET: 250ma
FIRE W/SOLENOID: 520ma

FIRE - PEAK SURGE: 1.2 amp (instantaneous)

LAMP TEST: 4OOma e

TIMING OUTPUT JACK: 100ma
(open collector to ground)

CURRENT DRAW FROM INPUTS: 10ma

CAUTION!!

STATIC SENSITIVE CMOS CIRCUITRY

DO NOT REMOVE COMPONENTS FROM SOCKETS

DO NOT PLUG IN WITH POWER ON

OBSERVE HANDLING PROCEDURES FOR STATIC SENSITIVE EQUIPMENT

PHYSICAL DIMENSIONS

Height  177mm. (7")
width 50mm. (2")
Depth 245mm. (9 3/4")

Shipping Weight 1.2 kilograms (Z.Spounds)plus packaging

August 25, 1986
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HIGH SPEED MODULE (HSM)

. FEATURES

The front panel of "AUTOMATIC" SPRINKLER'S High Speed
Module contains ten light emitting diodes. (L.£.D's)

When illuminated, the six amber L.E.D.‘'s :ndicate fault
conditions withia the system. The two red L.E.D.'s indicate
a fire condition and the two green L.E.D.'s indicate a normal
power on cordition., The common fault L.E.D. irdicates any
module fault and external fault if so connectec.

Lamp test pushbutton illuminates all L.E.D.'s. In addition
to the lamp test pushbutton provided on each HSM, a remote lamp

test feature enables all high speed modules inside an enclosure

to be lamp tested from a single pushbutton switch mou. ted on

the outside of the enclosure.
The miniature jack on the frontof the HSM is used to operate
the solid state timex during system time tests., It may also
be used for chart recorders, or monitors if rcquired.
.The timing jack is an open collector to ground rated at
100 ma at 50 volts.
The timing output jack triggers the timer to start
at the same Instant the controller identifies the presence
of flame, a flow switch at the PILOTEX nozzle stops the timer,

thus measuring system response time.

August 25, 1986
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Digical timers are available from "AUTOMATIC" SPRINKLER
CORPORATION OF AMERICA.

Total supervision of solenoids circuits. The HSM monitors
for shorts, opens and grounds.

Two Form C fire relay outputs for Auxillary use.

Two Form C fault relay outputs for Auxillary use. The
fault relays are normally energized so a loss of power would
also cause a fault condition.

Normal/bypass key switch-disarms system for maintenance
and testing.

Dual terminal strip for convenient daisy chain wiring.

Front mounted fuses.

Spare fuse holder located on main circuit board.

Interchangable identifier windows for easy labeling of
L.E.D.'s, zones, buildings, etc.

Automatic reset option available.

August 25, 1986
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PORTABLE HIGH SPEED DELUGE

"AUTOMATIC" SPRINKLER has developed a portable high
speed deluge unit capable of delivering water to the nozzles
at well under 50 milliseconds. Tho system is designed t»
be supplied as a self-contained unit. Portable by use of
casters or towmotor.

We believe this type of system could be very useful in
the munitions industry. Since you hive a better idea of
your requirements, we would like to have your comments and
recommendations. Please fill out the following form and send
it to "AUTOMATIC" SPRINKLER along with your added commwents.

The following 18 a brief description of the unit.

DESCRIPTION

The "AUTOMATIC" SPRINKLER Portable High Speed Deluge is
a completely self-contained fire detection and suppression
system. This portable unit is capable of delivering water
at the nozzle well within 50 milliseconds from time of detection.
The unit is designed to be porcable either by use of casters
or towmotor. Detection is accomplished by the use of ultra-
violet detectors coupled to the Detronics 7404 ultra-violet
controller. The suppression system utilizes "AUTOMATIC"
SPRINKLER Pilotex nozzles which are actuated by solenoid
release. The solenoids are supervised and energized with the

"AUTOMATIC" SPRINKLER CORPORATION'S High Speed Module (HSM).
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The unit's water supply is approximately 100 gallons and is
delivered by pressurized nitrogen gas at approximately 150 pounds.

All electronic components are explosion-proof rating. This
system is supervised for low battery power, low water supply
and low pressure. The detectors and solenoids are electrically
supervised. The detector lenses are optically supervised and
checked approximately every second, automatically.

The unit presently utilizes four (4) adjustable (moveable)
nozzles and two (2) UV detectors also moveable.

SEQUENCE OF OPERATION

Upon sensing ultra-violet radiation, the detectors send a
signal to the UV controller. If the amount of UV radiation meets
a preset sensitivity requirement, the controller in turn signals
the "AUTOMATIC" SPRINKLER High Speed Modules which send a 180V
pulse to the solenoids. The duration of the 180V pulse is
approximately 20 milliseconds; after that time the system drops
the solenoid voltage down to 24V and maintains until the system
is reset. Actuation of the solenoids releases pilot line
pressure which allows the Pilotex nozzles to open. The water

i in the tank is pre-pressurized to approximately 150 pounds,

forcing the water to flow through the nozzles. Again, system
reaction time from detection of ultra-violet radiation to flow
at nozzles iy well under 50 millise.onds. System reset is

accomplished by pushing reset button which de-activates the

August 25, 1986
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solenoids, thus restoring pilot pressurc to close the Pilotex
. nozzles. The system is then ready snd in stand-by mode.
APPLICATIONS

Basically, the system ias designed to be used wherever
fixed High Speed Suppression Systems are not feasible, either
because of physical location, lack of fixed water supply or
changing operations. The system should be especially useful
in munitiona depots where different operations are being done
in different areas and portability is a requirement. The system
could find use at cverseas depots and temporary munitions

installations along with shipboard or transport plane service.

*,
August 2z, 1986
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"AUTOMATIC" SPRINKLER PORTABLE HIGH SPEED DELUGE

YOUR NAME

COMPANY OR GOVERNMENT BRANCH

ADDRESS

TELEPHONE

l. Do you have uses or applications for portable high speed
deluge? YES ____NO
If yes, please list:

2. What method(s) of portability would you require?

TOWMOTGR CASTERS TRAILER OTHER ( )

(o)
.

Should system connect to existing riser supply or use self-
contained tauk? FIXED TANK
Comments:

4. Tank capacity? U.S. Gallons
5. Required resnonse time? Milliseconds
€. Maximum siza? MAN DOOR SHIPPING DOOR

Comments:

7. Number of Nozzles?

8. Flov rrte?

August 25, 1986
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. 9, Number of Detectors?

10. Explosion-proof rating?

11. Should detectors and nozzles be moveable?

Detectors? YES NO; Nozzles? YES

12, Equipment shutdown capability? YES

13. Indoor or outdoor use? INDOOR OUTDOOR

1l4. Average size of area to be covered?

Additional comments:

NO

BOTH

SQ. FT.

Send to:

1000 Edgerton Road
P.0. Box 180

Broadview Hts., Ohio 44147-0990

Attn: Gary A. Fadorsen
(216) 526-9900

g
|
E "AUTOMATIC" SPRINKLER CORPORATION
F
}
|

Thank you for your help.

August 25, 1986
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HIGH SPEED DELUGE
A PRACTICAL STANDPOINT

The foliow1ng is a 1ist of items that we at "Automatic" have found useful
in assuring that a high speed deluge is installed correctly and that start-up
and operation go as smeoth as possible. This 1ist was compiled over the past
few years from mistakes we have made, problems others have had and installation
hints from other vendors. It is our hope that you will find at least one
useful and that it may save you some time or expense. We are sure you agree
that most of these "hints" are just common sense, but it is surprising how
often they reoccur.

1. Study the hazard, detector sensitivity is inversely proportional to
distance (inverse square). Keep the detector as close as possible to
the hazard while keeping the hazard within the cone of vision.
Placing detectors in the four corners of the room is convenient but
seldom effective;

2. The same goes for nozzels, why pay for a fifty millisecond response
time, then put the nozzles 12 feet at the ceiling. Consi&er hozi]e_
positions ie., keying on operators.(me]t kett]e;, mixer, flooding
explusive from beiow, conveyor, etc. ‘

3. Avoid detector obstructions. Glass, plastic, people, dirt, oil and
smoke are very effective for blocking U.V. radiation.

4. Manual release (electrical or mechanical) should be fast acting and easily
accessible. Ring-pull type at exits and operator stations have been

successful. Avoid time consuming break or multi puil type.
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5. Installation mistakes will cause trouble during start-up but also will
- contribute to problems in the future.
. a. Run detector wiring in seperate conduif.
b. Run solenoid wiring in seperate conduit.
c. Keep AC out of DC conduit.
d. Use drain seals on all detectors and solenoids.
e. Avoid splices, try to provide continuous runs between devices and
paneis.
f. Be sure wiring comp11es.w1th manufacturer specification (current
and voltage rating).
~ g. Megger all wiring.
h. Be aware explusion-proof is not necessarily water-proof.
i. Locate panels in non-explosive areas whenever possible.
J. Flush or clean piping before installing nozzels and solenoids.
b k. Clean cutting oil from air 1ines before connecting air shields.
1. Use flexible conduit on detectors if reaiming will be needed.
m. Beware of Ambient Ultra Violet Radiation.

6. Supervision and redundancy is a must. Have at least two devices in a
bay no matter how small. At least 2 detectors, 2 solencids and two
nozzels. Supervise all circuits.

Many of the above should go without mentioning but we see some of them

repeated from time to time. I am sure others have more suggestions. We
welcome your ideas and suggestions. "Automatic" is strongly considering an

“Ammo Plant News Letter" to help aid in communications between plants, depots,

vendors, contractors, etc. If this would be of interest to you please éend us

your comments. Feel free to use the Portable High Speed Deluge Questionnaire

for this purpose.
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"CLASSIFICATION OF EXPLOSIVES UNDER THE UN SCHEME -

A NEED FOR UNIFORMITY OR FLEXIBILITY?"

' by Dr R J Smallwood, United Kingdom, Health and Safety Executive

1. Introduction

In the UK the United Nations scheme of classifying explosives is being
increasingly incorporated into new legislative controls on explosives

which are progressively replacing statutes whose origins lie in the 1875
Explosives Act. This reflects the extent of the success of the UN scheme

in becoming increasingly adopted as the basis upon which explosives are
classified for the purposes of international conveyance. It alse indicates
that there are advantages to be gained in framing domestic legislation so

as to incorporate internationally accepted procedures.

AD-P005 358

I:§§%is paper*i.emphasisesthe advantages of adopting a uniform international

aﬁé?oach towards the classification of explosives for international con-

veyance and illustrates, by example, the type cf difficulty which might

. occur if such an approach is not adopted. H also exploresdifficulties
which might be encountered in using classifications derived from UN tests

as the basis for assessing the practical hazard presented by the explosives

n situations other than international conveyance
s ;

2. A unified international approach

The existing UN scheme of classifying explosives provides an internationally

accepted method of classifying packaged explosives by assigning them to a

particular hazard division and compatibility group. It is recognised that

the precise packazing method is of fundamental importance in determining

this classification. In some instances the method of confinement which is

used in the UN class 1, series 6 tests can itself be a significant factor

in determining the behaviour of the explosive in the tests. An example of

such beshaviour was observed in a trial in which a particular propellant,

packed in cylindrical tubs and confined by sandbags, exhibited behaviour

in the series 6 tests which resulted in the assignment of 1.1 hazard division.
i When the same packaged material was however confined not by sandbags, but

by cylindrical tubs filled with sand, the propellant exhibited behaviour

which resulted in the assignment of a 1.3 hazard division.
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This was clearly one of thoege cases in which comparatively small
variations in the extent of confinement had a significant effect on

the behaviour of the material in the tests and hence on the hazard

division to which it was assigned.

These results have been described in detail by a colleague at a presenta-
tion to the last DOD ESS, together with other examples of difficulties
which had arisen in the UK during the importation of e:plosives. These
arose as a result of differences which existed in different countries'’
interpretation of the classification procedure. In some cases the
differences were comparatively minor but nevertheless resulted in signifi-
cant difficulty for those involved. . |

The UK recognises there will inevitably be occasions when different competent
national authorities interpret the classification procedures somewhat
differently. However, since the UK has developed increasing confidence in

the classifications assigned by other national competent authorities, it

undertook to accept classifications assigned by other countries. In those
cases where the classification differed from that assigned by the UK
authorities, it was still accepted, provided that the classification was

either supported by relevant test data or had been assigned by the national
competent authority in the country of manufacture. In my opinion there
still inevitably remains some areas wich would benefit from further dialogue
in order to resolve apparent differences in interpretation of the UN

classification scheme. One such area is the tests and criterion which

determine the assignement of a 1.4S classification. This was, incidentally,

one of the examples quoted by my colleague two years ago. !

In order to minimise these difficulties and to ensure safety during the
conveyance of these goods it is clearly desirable to adopt, as far as is
possible, a uniform approach to the performance and interpretation of the

UN testing procedures. In the absence of such uniformity it is possible

that countries will have less confidence than they currently have in the
validity of the classification assigned by other national competent b
authorities.
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A flexible UK domestic approach

I have emphasised above the advantages of adopting a uniform approach in
the international application and interpretation of the UN scheie of
classifying explosives. I would now like to ocutline the role that the

UN classification scheme has played within the UK and go on to consider
the significance that series 6 type tests might have in assessing the
practical hazard posed by material in situations other than during

international conveyance, eg during storage in purpose designed facilities.

The UN scheme of classification enjoys widespread application as the means
of classifying explosives for the purpose of their international conveyance.
This has been accompanied by an increasing use of the UN scheme within the
UK as one of the methods by which explosives are classifjed, not only for
the purpose of international conveyance, but also for the purpose of storage

at licensed premises,and for conveyance.

Recently enacted UK legislation, entitled "The Classification and Labelling
of Explosives Regulations 1983", requires that explosives be classified, not
only in the form and packaging in which they are conveyed, but also in the
form and packaging in which they are to be kept and supplied. Whilst, in

most cases the classification might be the same for all of these situations,
the regulations provide for the possibility that different classifications
might be appropriate if, for exanple, material is stored in different
packaging to that in which it is conveyed. These regulations also provide
for the possibility of assigning different classifications to identical
material in different situations, eg storage and conveyance. Since the

UN series 6 test conditions are uniquely specified and invariant they cannot
be used as a basis for aazsigning different classifications to material which,

although identically packed, is nevertheless in different situations.

As well as being the UK competent national authority for classifying commercial
explosives under the above regulations, we are also responsible for licensing
sites at which explosives are manufactured and stored. This rsquires that

we specify the safety distances which are to be maintained from buildings
containing explosives to other facilities. Since it is the hazard division

of the explosive which normally determines the safety distance to be specified,

and the safety distances for explosives of hazard division 1.3 (HD 1.3) are




_'iﬁbitiétially less than those of HD 1.1, the effect of classifying materials
" as HD 1.1 rather than HD 1.3 can have considerable consequences for a
particular site in terms of the quantity of explosive which can be kept, or ‘

?3: - the amount of land which is effectively sterilised of any development.

It is inevitable that individual examples will occur where the storage
conditions at specific sites might be significantly different from the
conditions of, for example, confinement, which apply in the UN series 6(a)
and 6(b) tests. In such circumstances there might be justification for
considering whether the hazard division derived from the UN tests is an
. appropriate basis upon which to assess the practical hazard presented by
the material during its storage and thereby for deriving an appropriate '
safety distance.

An examplie which I will describe illustratesthe type of consideration which
might become increasingly necessary now that a formal test regime exists for

classifying explosives.

An explcrive stored at a factory had traditionally been assigned a 1.1
hazard division because it was known to detonate under particular conditions

of confinement. The material was stored in quantities which enabled the €
maintenance of safety distances appropriate to HD 1.1 materiels. A request
was received frem the company to store increased quantities of material,
without increasing the safety distances, on the basis that burning trials
which had been undertaken demonstrated that,under the proposed conditions of
storage,no mass explosion of the contents of the storage building could occu:.
The trials had been performed several years ago prior to the widespread UK

adoption of the UN scheme of classification and did not conform to the provisions

of test series 6(a) or 6(b). There was therefore no question that the
explosive could be reclassified as HD 1.3 rather than HD 1.1. However, the
tests clearly provided useful information as to the behaviour of the

packaged material under conditions of limited confinement and the consideration
essentially became one of assessing whether the confinement provided in the
tests adequactely simulated that which could occur in practice during its

storage.

These trials involved quantitizs of material of up to 400kg in different stack-

ing configurations and with different levels of confinement. Three of the
Eruwls are desceibed
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Trial 1

Five powder boxes were laid side by side in a cruciform pattern. In addition
sandbags were laid at the outer edge of each of the four outer boxes with

the intention of preventing lateral, horizontal movement. One bag within

the centre box was ignited and this was follcwed by successive, separate
fires as each bag within separate boxes ignited. For all ten bags of powder
to burn a time of 10 minutes 40 seconds was recorded. No explosions/

detonations occurred.

Trial 2

Five boxes were laid side by side as in Trial 1 but with a further five boxes
in similar orientation laid on top. The igniter was located in the lower
central box. Again lateral horizontal movement of the outer boxes was
restricted by sandbags and ignition achieved in the lower, central box.

Once more s=parate bags of powder within each box ignited in turn with some
bates thrown about by the force of the fire. In this experiment 11 minutes
10 seconds were required for all the powder bags to ignite. No explosions/

detonations occurred.
Trial 3

Again a cruciform pattern was employed but involving fifteen boxes i.e.
packed three high. Confinement was increased by sand bagging all external
surfaces of the powder boxes except the upward facing ones. In addition
wooden stakes were used to reinforce the sand bagging and the whole structure
wired together. Ignition of the lower central box was carried out and
immediately one or two boxes were thrown clear of the stack but these did

not ignite wuntil much later. Once again there were individual fires at
intervals as individual powder bags ignited and burned but in this experiment
a minute long burn occurred two minutes thirty seconds after the start
involving about seven powder btoxes. A time cof 13 minutes 50 seconds was

required before the last powder bag ignited but once again there were no

explosions/detonations.
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The boxes were of fibreboard construction measuring approximately 50cm x 40cm x

- 25cm. - ‘Bach box contained two bags each holding 12.5kg of explosive, separated
| by a fibreboard panel. Ignition was achieved by an electric fuze head packed

in a small charge of black powder placed in the centre of one of the bags.
A nnmbet of conclusions were drawn from the results of these tests:-

1. The design of the approved trarsportation package for the explosive was
effective in preventing rapid flame propagation of fire
between individual boxes. Fire spread from one bag of powder to the
other within a box was not immediate and up to a minute elapsed before
the second bag ignited. Propagation of fire between boxes may be
prevented for at least five minutes and in some cases much longer times

were involved dependent upon the separation of the boxes.

2. With lateral confinement, a fire involving a stack of boxes three high

did not result in a burning to detoration.

On the basis of the results from these tests the company proposed a system
of racliing and individual box restraint within their magazines which was
designed to ensure that packages would not be subjected to confinement in
excess of that provided in the trials.

It was considered that whilst the trials did not corform to the UN series 6
test conditions, they did nevertheless provide sufficicnt information to
indicate that the practical hazard presented by the storoge of a limited
quantity of explosive, stacked and restrained in a particuiar wanner, was
more typical of a material of HD 1.3 rather than HD 1.1. It was therefore
decided that in this instance the safety distances which would be specified
would be those appropriate to a material assigned to HD 1.3. It should be
emphasised however that the explosives remained classified and labelled as
HD 1.1.
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4. Conclusion

[ A9

In this paper I have advocated the advantages of a uniform approach to the
application and interpretation of the UN scheme of classifying explosives
for international conveyance. This would avoid difficulties which have
ariscn in the past because of differences which have existed in interpreting
tie UN test regime. Such a unified approach is in my view not only
desirahle to avoid such difficulties but is also necessary to maintain

safety standards.

Whilst arguing for a uniform international approach, I have also sﬁggested
that there are domestic circumstances where a flexible approach to the

use of classifications resulting from UN series 6 tests is appropriate.
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— UK MOD EXPLOSIVE STORAGR PRINCIPLES

N J M Rees, BSc, PhD
Director, Safety Services Organisation,
Ministry of Defence, Procurement Executive,
St Mary Cray, Orpington, Kent.
Great Britain

1. THE AIM

\\\£§HOD must control the storage and processing of explogives in such a
way that the chance of a fire or an explosion is minimised; if a fire or
explosion should occur whethar it results from accident, eneay attack or
subotage, then the adjacent explosive stocks and facilities including
personnel in the vicinity of the explosion site aust be protected, to a
predetermined, practical standard.

2. THE PRINCIPLES USED l‘R

These are relatively simple to state and understand but are
difficult to apply because to define (say) the thicknesses of walls and
traverses to stop fragments, and the distances between stacks of
explosive that will prevent sympathetic detonation requires a
sophisticated technical data base to arrive at practical economic
solutions. It ia very easy to overspend on protection and provide more
than is necessary to fulfil our aim; on the cther hand if sufficient
protection is not available the entire explosives depot or factory
together with a large proportion of its staff may be lost in the event of
a single isolated explosion in one building. Building design and
construction must strike a balance between adequate physical security and
minimising the blast and thrown debris in the event of an explosion.

In the MOD Procurement Executive (PE) the principles used are:

(a) To assume that if explosives are regularly present in a storage
or processing activity then an explosion will take place at some
time during the life of this activity.

(b) To assess the distribution of the explosives present in a
facility to decide what parts of the whole quantity will
sympathetically detonste to effectively cause one explcsion - thesge
parts we define as the "Unit Risks™ for thst distribution of
explosives.

(c) To assess the design of the building containing the explosive,
the processes to be carried out there, the adjacent buildings, the
numbers and disposition of operating staff, and of any members of
the public and their property that may be in the vicinity to see if
the situution in the event of an explosion is acceptable.
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Important considerations here are.

(1) The explosion must not propagate immediately from one uait
risk to adjacent ones.

(2) Only the personnel working on that particular process or
storage activity ahould be put at serious risk.

(3) Serious structural damage to buildings should not cxtend
beyond those buildings immediately adjacent to the explosion
site.

(d) If the assessment of a particular building and the processes
carried out there are acceptable then the building and the process
are Inspected and if all is well then an Explosivas Limit with
appropriate conditions is authorised by myself as Chief Inspector of
Expiosives for the PE.

(e) The inspection of the facility against the approved conditions
and quantity of explosives and process 18 carried out at least once
per year by my Inspectors.

(f) To investigate any unexpected ignition or explosion which
occurs and, depending upon its severity, set up a formal inquiry
into its cause to establish the technical teasons for the incident
and tc make recommendations to prevent a recurrence. Blame is not
apportioned at this inquiry but if any individual appears to be
rzgponsible, disciplinary action by Management is :aken at a later
scage.

3. THE TECHNICAL DATABASE

(1) Progerties of Fxplosives

There are various types of explosives in existance and thev behave
in very different ways when they are initiated, as in enemy attack or
ignited as in a fire. The latter is by far the most likely form of
hazard which will be met under most circumstances. In order to simpiify
the assessment of the risks presented by the large number of different
explnsives that are manufactured at the present time, they are clasgified
into a number of types depending or their behaviour under specially
deftined accident conditions. Up till about 8 years ago we in UK had our
own system of Explosives Categories X, Y, Z and ZZ. Presently we use the
UN system of Hazard Divicious, including the system of spacial Tests
required to decide to which HD a particular explosive belongs.

Generally, when ignited, explusives burn and explode, producing the
following effects:

(a) Fast fragments from metal touching or near the explosive
(b) Airblast
~
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(c) Cratering

(d) Groundshock

(e) Flame and Radiant heat

(f) Lobbed building debris and explosive items.

The UN Classifiction Scheme using Hazard Divisions was originally for the
transport of explosives though it now is almost universally used for the
control of storage and manufacture as well. The definitions are given in
"Transport of Dangerous Goods", 4th Revised Edition 1986 (1) on-pages 2,
3 and 4.

Explosives Sre defined as:-

(a) An explosive substance is a solid or liquid substance (or a
mixture of substances) which is Iin itself capable by chemical
reaction of producing gas at such a temperature and pressure and at
such a speed that will cause damage to the surroundings.
Pyrotechnic substances are included even when they do not evolve
s{gnificant amounts of gas.

(b) A pyrotechnic substance 18 a substance or a mixture of
substances designed to produce an effect by heat, light, sound, gas
or smoke or a combination of these as the result of non-detonative,
self sustaining exothermic chemical reactioms.

UN Class I Dangerous Goods are explosives and comprise:-

(a) Explosive substances (a substance which 1s not itself an
explosive but which can form an explosive atmosphere of gas, vapour
or dust is not included in Class 1), except those that are too
dangerous for another class;

(b) Explosive articles, except devices conteining explosive
substances in such quantity or of such a character that their
inadvertent or accidental ignition or initiation during transport
shall not cause any effect external to the device either by
projectiles, fire, smoge, heat or loud noise: and

(¢) Substances and articles not mentioned under (a) and (b) which
are manufactured with a view to producing a practical, explosive or
pyrotechnic effect.

Traunsport of explosive substances which are unduly sensitive or so
reactive as to be subject to spontaneous reaction is prohibited.

The objective of the recommended definition is to indicate which
goods are dangerous and in which class they should be included, according
to their specific characteristics. These definitions have been devised
to provide a common pattern which it should prove possible to follow in
the various national and international regulations. Used with the list
of dangerous goods, the definitions should provide guidance to those who
have to use such regulations; and they present a notable degree of
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standardisation while retaining a flexibility that allows diverse
situations to be taken into account.

The explosives in Class 1 are divided into 5 Hazard Divisions:

Division 1.1 Substaaces and articles which have a mass explosion
hazard (A mass explosion is one which affects almost the entire load
virtually instantaneously and fast fragments can be produced.)
(Equivalent to the old Z and ZZ).

Division 1.2 Substances and articles which have a projection hazard
but not a mass explosion hazard. (Equivalent to the old X and some
Z).

Division 1.3 Substances and articles which have a fire hazard and
either a minor blast hazard or a minor projection hazard or both,
but not a mass explosion hazard (Equivalent to the old Y).

This division comprises substances and articles: (a) which give
rise to considerable radiant heat, or (b) which burn one after
another, producing minor blast or projection effects or both.

Divisiou 1.4 Substances and articles wlich present no significant
hazard (Equivalent to part of the old X).

This division comprises substances and articles which present only
a small hazard in the event of ignition or initiation during
transport. The effects are largely confined to the package and no
projection of fragments of appreciable size or range is to be
expected. Ar external fire must not cause virtually instantaneous
explosion of almost the entire contents of the package.

Substances and articles of this division are in Compatibility
Group S if they are so packaged or designed that any hazardous
effects arising from accidental functioning are confined within
the package unless the package has been degraded by fire, in wnich
case all blast or projection effects are limited to the extent
that they do not significantly hinder fire-fighting or other
emergency response efforts in the immediate vicinity or the
package.

Division 1.5 Very insensitive substances which have a mass
explosion hazard. This division comprises explosive substances
which are so insensitive that there is very little probability of
initiation or of transition from burning to detunation under normal
conditions of transport. As a minimum requirement they must not
explode in the external fire test.

The probability of transition from burning to detonation is
greater when large quantities are carried in a ship.

Class 1 is unique in chat tha type of packaging frequently has a
decisive effect on the hazard and therefore on the assignment to a
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particular division. The correct division 1s determined by use of the
methods outlined. - :

‘ : : The different Hazard Division of explosives can behave in accident
' conditions in very different ways, and we therefore require different

standards of protection for the different Hazard Divisions. The
determination of the HD to which a particular explosive belongs is
therefore most important, since if a HD 1.1 nature was aliocated to HD
1.2 in error, then a fire could result in a mass explosiun which would
not have been allowed for in the protection provided during tramsport,
storage or processing and could change an unpleasant incident to a
disaster.

An incident of this kind occurred near Arles (Bouches de Rhone,
France) in about 1917 (2). For a period from around 1900, TINT was not
regarded as a true explosive, by the tests then being used to determine
whether substances were explosives or not; it was accepted as a flammable
substance. The explosives factory had 54 buildings laid out in two rows
with just adequate separation to prevent sympathetic detonation spreading
from building to building by airblast, but no traverses to stop fast
fragments from the explosions. The process employed was to fi1l medium
calibre shell with TNT and in present day terms shell were being treated
as HD 1.3 whereas in fact, as the accident proved, they were really HD
1.1. The workforce was mainly Vietnamese. Each building contained 120
tonnes NEQ of TNT.

| The accident is thought to have started on the filling line in one
of the buildings in the middle of a row, with a fire possibly caused by
someone smoking. The fire burned for a short period and the shell in
that building exploded producing fast fragments which caused further
explosions and fire in adjacent buildings. 1In all 46 buildings, each
containing an NEQ of 120 tonnes TNT exploded, and the remaining 8 burned.
Due to the peculiar local ground conditions the shallow craters are still
there. About 1800 Vietnamese and 60 Frenchmen died. If the INT had been
treated as a detonating explosive of HD 1.1 and traverses provided
between the buildings it is unlikely that the factory would have been
lost and the casualty list would have been much smaller.

It is therefore most important to classify your explosives into the
correct hazard divisions otherwise if one under-classifies your
protection will not be effective, if one over-classifies excessive
protection will be provided. Classification is done by testing in the
case of important new natures, but because this is expensive and time
consuming some new natures are classifed by analogy and comparison with
older ones that have already been tested, or with others classified by
comparison only. Clearly errors in class.fication can arise and from time
to time tests must be carried out to ensure that correct standards are
being maintainad.

In UK our testing generally folilows the scheme in Chapter 4 of the
: UN "Orange Book"(l) to which UK has contributed a number of the tests
used. The test series takes the form of a logical sequence of questions
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and specified physical tests. Test Series 1 to 4 inclusive considers
whether the substaace or article in question is an "explusive"” (i.e.,
suitable tor Class 1), and if so, whether it 1s safe for tramsport. In
our field of military explosives, substances and articles are not
normally unduly sensitive, however the packaging can be changed from time
to time and this may well affect the final Hazard Division assessment.
Test Series 5 determines whether a substance can be included in HD 1.5,
while Test Series 6 is in three parts and assesses whether the item in
question should be allocated to Hazard Divisions 1.1, 1.2, 1.3 or l.4.
The three tests are:-

Test Series 6(a) - The Single Package Test

One package of, ior example articles, is placed on the ground and
~one article in the centre is caused to function using its own means
of initiation for non-detonating articles. Confinement of 0.5 metre
sandbags is used in all directions (for packages larger than lm, 1.0
metre confinement used). If the effect is so feeble that the other
articles in the box are not fuuctioned the test is repeated to make
3 tests in all.

If a significant event involving more than the initial donor article
has occurred, then the 5 package stack test (6b) will follow; if not
then Test Series 6(c) (see below) will be used to demonstrate that
the effects are not magnified when the packaged explosives are
burned. :

Test Series 6(b) - The Five Package Confined Stack Test.

This determines whether an explosion or fire starting in one package
will be communicated, package to package, in a stack. Five (or
more, packages are placed together, preferably in a cross
arrangement and one article in the centre package caused to
function. The overall confinement by sandbags etc is 1 metre.
Large articles carried unpackaged, e.g., HE bombs, are teated
similarly. There may be a mass explosion of effectively all the
packages or articles which would require a HD 1.1 classification.
No further testing is then required. If this does not occur the
test is repeated making 3 in all. Test Series 6c will then be used
to demonstrate that no enhancement occurs in a fire situation. The
allocation of Hazard Division 1.2, 1.3 or 1.4 will be made on the
basis of the predominant hazard.

Test Series 6(c) - The Bonfire Test.

Five or more packages are placed on a metal grid about 1 metre above
the ground and may be tied together by wire or metal strip
fasteners. A wood fire is then constructed around the packages to
at a thickness of at least 0.5 metres in all directions to ensure
thorough soaking in the heat. After 15 minutes or so the wood
usually settles to the height of the grid and the heap of glowing
charcoal normally heats the packages, or articles if the packages




are of combustible materials for at least 30 minutes. It is
customary to allow the fire to burn on to exhaustion but it can be
terminated after 30 minutes using long throw fire hoses if this is
desirable. This empirical test is difficult to quantify but the
relevance to the realistic transport ascident and storage situation
fire hazard is undeniable. In particular the duretion of 30 minutes
plus makes it a far more searching test determining the eventual
behaviour of munitions when involved in a fire than the Navy fuel
fire tests which are of limited duration. In UK we consider that
fires constitutes 80-90X of all dangerous incidents which involve
explosives or munitions.

Thus the UN tests from 1 to 6 form an integrated series, the
final tests assigning a Hazard Division to the item. If this is
done then it implies that the earlier tests have been done and the
item is safe for tramsport.

As you can see we have now come to the difficult part of our
procedures - the day to day updating of the technical database.
Because this Hazard Classification information and the separation
rules for explosive buildings (the Quantity-Distaunces) are so
important, there are certain statutory technical requirements and
the job of ensuring that these tasks are fulfilled fall to specific
MOD bodies.

4. MOD LEGAL RESPONSIBILITIES FOR EXPLOSIVES

against losses from accident, sabotage and enemy atack MOD is legally
responsible for ensuring that its explosives are manufactured, stored and
transported with the smallest reasonably practical risk to life and
property. The Health and Safety at Work Act (1974) is applied to MOD in
peacetime and is an enabling Act covering earlier Acts such as the
Explosives Act (1875). It also allows regulations to be made under it,
such as The Classification and Labelling of Explosives Regulations
(1983). MOD is exempt from the requirements of the Explosives Act (1875)
but has the usual interdepartmental agreement that standards at least as
good as those in commercial industry are app.ied in MOD.

' In addition to the self interest of MOD in preserving its expliosives

In order to ensure that MOD is complying with the HSW Act (1974),
the MOD and HSE have set up a joint body, the Vefence Explosives Safety
Authority (DESA) to oversee and audit the MOD procedures. 1 am a member
of the DESA Central Committee and am the Chief Inspector of Explosives
for the Procurement Executive Departmer * of the Ministry of Defence.

In addition since about 1925 MOD has maintained the Explosives
Storage and Transport Committee (ESTC) with members from the HSE
Explosives Inaspectorate and the Department of Transport as well as its
own experts. This committee is responsible in MOD for classifying
Military Explosives and for recommending or “prescribing" adequate
standards of safety for the processing, storage and transport of
explosives throughout MOD. These “"prescriptions” or recommendations (3)
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are interpreted by the four Deparments of MOD into their own mandatory
explosives regulations (4). I am a member of ESTC and Chairman of their
sub-committees for Explosion Effects and Port Explosives Limits. I also
8'1ipply technical staff and effort to enable ESTC to carry out its
functions. Currently my staff act as Technical Advisors for Explosives,
Electrical Installations, Firefighting, and as secretaries to the
Explosion Effects and Port Explosives Limits Sub-Committees (3). In
addition my staff are conducting a major series of explosion etfects
trials in collaboration with the Australians at Woomera to assess the
fragment throw from stacks of explosives detonated in different types of
buildings (5).

5. ESTC PRESCRIPTIONS FOR QUANTITY DISTANCES

Over the last 60 years ESTC has put together all available techmnical
safety information intoc its prescriptions and the present Royal Ordnance
plc factories and PE explosives Research Establishments were built to the
requirements of the draft version of 3/7/Explosives/43 available before
and during the early part of the last war (6). This has been updated
using some UK Wartime bomb damage information augmented by trials,
acclident records and much professional experience. The current version
of the prescription (7) is now again under revision in parallel with the
NATO QD rules (8), of which it forms the basis.

Different quantity-distance requiremeunts are specified, depending on
the nature of the receptor site under consideration. They are:

"Inside" Quantity Distances

1. Storage QDs
2. Process Building QDs.

"Outside” Quantity Distances
3. Public occupied buildings and Traffic Route QDs.

1. Storage Quantity Distances

Storage distances are those observed from any explosives building or
stack (the “"donor") to buildings containing explosives (the "receptor")
in which no work is being done on the explosive and where there are few
if any people present. The distances are those required to prevent
propagation of explosion from one building to the next, and take no
account of protection of personnel. The receptor building may, in fact,
be destroyed and the explosives therein scattered and rendered
unserviceable.

2. Process Building Quantity Distances

These are the distances observed from any explosives building or stack to
buildings in which an explosive process or work in connection with the
processing of explosive is being carried out. These distances are also
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used to protect process workers from specially hazardous processes they
may be carrying out and are greater than the corresponding storage
distances. They are designed to provide a reasonable degree of
protection from severe injury for the operation in the receptor building.

3. Public Occuppied Building and Traffic Route Quantity Distances

Public building distances are those observed from any explosives building
or stack to houses, railways, or major roads, and are intended to prevent
severe structural damage to property, and to give a reasonable degree of
protection from injury to members of the public in dwellings or in the
open. Public building distances are also observed to buildings within
the establishment used as main offices or engineering workshops where
there are many personnel at hazard who are not directly involved in the
explosives processes being carried out in the factory.

As you can see the complexities of the problems of a real factory
are considerable. Already there are four different types of explosives -
HD 1.1, 1.2, 1.3 and 1.4 together with three standards of
quantity-distance as outlined above, and a wide range of different types
of buildings which will give some degree of protection and influeuce the
distances required.

Hagzard Division 1.1

HD 1.1 items are the most complex and the current matrix is given as
Table 1 of Ref 7. This is further complicated by the fact that the table
includes distances appropriate to a number of obsolete buildings
constructed of brick. Currently the storehouses for smaller quantities
are not now normally built of brick; reinforced concrete is the preferred
material because of the reduction in building debris in the event of an
explosion, though is under review because of the results obtained from
the joint Australian UK trials (5). In addition all 1.1 buildings must
be traversed to stop fast fragments.

Storage Buildings

1 Igloos - Generally given G.SQi (D3) for am igloo donor,
but this may rise to 4.8Q° (D9) for am open stack donor.

(2) Earth Covered Buildings - Generally given O.BQ’ (D4)
for a similar or igloo donor but this can rise to 4.8Q’}
(D9) for an open stack or other lightly enclosed
explosives donor.

(3) Heavy Buildings (self traversing) - Generally given
Z.ZQ§ (D7) for all types of donor.

(4) Traversed Lightweight Buildings .- Cau sometimes be given
G.ﬁé (D4) but more usually Z.IQ’} (D7) is used.
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Procass Buildigggi

Usually the composite table DIA (4.8Q3 for Q < S00kg; 8.0Q3 for

Q > 4000kg) is used ylthough 8.0Q % (D10) is preferable over this range,
and may rise to 22Q7 (D13) with a minimum fragmentation distance of 270
or 400m for vulnerable receptor buildings.

Public Buildiggs'and Traffic Routes

For little used traffic routes the composite D1l table with a minimum
fragment throw distance or 180m is used. For busy routes and pubiicly
occupied houses the composite D13 column is uvsed with a minimum fragment
throw distance of 270m for traversed donor sites and 40Um for other
donors.

Hagard Division 1.2 - Table 2 (7)

Here the major hazards arise firstly from a small number of fast
fragments and lobbed ammunition which are projected from the donor
explosion site and secondly from the number of such projections likely to
arise from an incident. Less hazardous items, generally not containing a
detonating explosive, and those containing it but which are below 6Umm
calibre are now identified by an asterisk (*) in the HD code and can be
treated with less cautiogghat the larger items. The more hszuardous items
are generally given 68 Q" (D2) though fixed distances of 10, 25, or 90m
can be used for some storage and process receptor situations. Public
traffic routes and houses occupied by the public generally require 135,
or 270m respectively or 68Q 0. (D2).

Hazard Division 1.3 - Table 3(7)

The major hazards arise from the radiation and flames, including
jetting, which arise from military propellants. The distances in Table 3
(7) are based on the available data for propellants. Flame distances can
be particularly capricious and can increase by as much as 50X above the
indicated distances.

Earth covered or heavy walled bulldings are the safest receptors and
separation distances of 2 to 21 metres are acceptable. For receptor
process buildings, whether traversed or not, a minimum of 60m or 3.2Q§
(D2) is required; again for a severe jetting situation up to 24Um may be
required. For ,traffic routes and houses occupied by the public a minimum
of 60m or 6.4Q§ (D4) is required except where severe jetting is expected
where the minimum is increased to 240m.

The efracts of jetting are not generally recognised and a few years
ago we carried out a trial in which a section of storage building was
erecgfd and stacked with boxes of propellant. The loading density was 63
Kg/m~” and the total weight was 4.5 tonnes. The expected flame radius was
15m (storage distance) but the flame jetted through a doorway to 50m.

The process building distance was 53m for this quantity. Thus special
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' attention must be paid to jetting from large quantities of burning
a ' propellant.

Haszard Division 1.4

HD 1.4 items are relatively innocuous and only require building
separations of 25 or lUm.

6. GENERAL SAFETY PROCEDURES

This section can really best be described as “common sense” for
explosives managers. Under the pressures of production, staff cuts or a
wartime emergency, a number of the normal procedures and safety
requirements, perhaps not well understood by the local management, could
be ignored under the pressures of the moument.

The following list is not exhaustive, but the bdad practices
described below have been found over the years to have often made the
conczquences of a minor accident or explosion much worse than one would
have expected from the protection to be expected from following the other
ESTC prescription requirements for quantity distances.

1. Storehouses illegally used for processing

Storage of explosives is a relatively benign operation, but
1 processing, where bare explosive may be exposed, pressed or
| machined, or fuses inserted or removed from bombs or shells carries
. a much higher risk of initiation occurring. 1Ia a situation where HD
1.1 items are present this could easily lead to a larger explosion.

: An unfortunate example is the RAF underground bomb storage at

[ Fauld, Staffs, where on the 27 November 1944 the detonation of scume
2,400 tonnes NEQ of miscellaneous bombs produced the largest

E explosively produced crater in Europe measurirg 900 by 600 feet and

; 100 feet deep (Figure 1). This storage was licensed for unfused

| bombs onlyr, and no process work should have been carried out in tlis

l storage facility. In addition a large number of separate caves were

[ used for the bombs and although only about half the storage area was
involved in the explosion it was much bigger than expected from the

} design and layout of the storage, and was a major disaster.

It is now thought that an illegal process of some kind was
being carried out on one or more of the bombs in the store. One
possibility is that some aircraft returned from a mission with full
loads of fused bombs and that these were returned to the store on
the narrow gauge train used for this purpose. The incompetent
rcmoval of a fuse from a bomb in a wagon on the train could have
lead to the detonation of the train when it was standing accross a
number of adjacent cave entrances, thereby causing the initial
simultaneous detonation of a large number of bombs, which then
spread through the nearest storage caves.




2. Process Buildings Used for Storage

A production facility for land mines used a long continuously
moving cooling line, a sealing station and a packing unit producing
pallets of mines each having an NEQ of 1 tonne. All this took piace
in one large room and over 20 tonnes of cuoling mines and finished
pallets accumulated each day. The cooling line was divided up using
dummy mines to limit the quantity that cculd detonate in one uait.
External storage for the filled pallets was arranged and by moving
them out as soon as one wvas filled the unit risk in the building was
reduced to 1 tonne, thus considerably reducing the hazard to the
ad jacent buildings in the factory.

3. Use of Building Entrance Ways and Access Roads_for Storage of

§Egld§1vea

In a recent accident an entire storage depot containing a
mixture of HD 1.1 and 1.2 was lost, because large quantities of
boxed mortar bombs, grenades etc., were stored in the entrances to
already overloaded storage buildings. Some boxes in a doorway were
ignited and burning items were lobbed into other entrances full of
more explosive stores etc. The bulldings were traversed and they
burned and exploded sequentially, the hazard from the exposed boxes
preventing the fire being attacked in its early stages by the fire
brigade.

4. Hidden Explosive in 0ld Buildings

Buildings that have been used for explosives manufacture and
processing over a number of years can conceal large quantities of
explosive, and any renovation, alteration or demolition work must be
planned and carried out very carefully. Explosive can be cariied
down drains, through cracks in concrete floors into the subsoil,
fill spaces between walls, all up to tonne quantities. Lesser
hazards arise from penetration of explosive into mortar between
bricks and other small gaps and into air extract ducts etc., but all
must be carefully handled (4).

5. The Human Factor

The training of persomnel employed i1 handling explosives is
clearly as important as in any other occupation, however the
potential for disaster following staff errors is greater than in
most activities.

It is essential to have properly formulated, written and
approved procedures to cover all regular operations involving
explosives, and in addition to ensure that those handling the
explosives fully understand the requirements for safe operation.
The problem is often a genuine failure to understend rather than
deliberate disobedience of procedures or instructions. This
certainly applied in the case of the storeman in one factory in the
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UK who could not accept that the new high energy propellants could
be other than HD 1.3. He therefore continued to store the new HD
1.1 propellants together with the HD 1.3 types in spite of the
appearance of the HD 1.1 labels on some of his stock. Fortunately
this was corrected when it came to light at an inspection.

7. CONTROL OF EXPLOSIVES IN THE PROCUREMENT EXKECUTIVE

From the preceding it is clear that it is not sufficient to have
good guiding principles, and an up-to-date database giving sound
quantity-distance requirements for stcrage and processing if the control
of what is actually done with the explosives in the factories and storage
depots is defective. In the UK MOD(PE), this control is effected by a
licensing and inspection procedure carred out by my staff as laid down in
the PE Explosives Regulations (4). Before the privatisation of the ROFs
there were 49 sites with 2300 licences which has been reduced by their
departure to 37 sites and 900 licences.

If an establisment wishes to work with explosives then the Safety
Officer submits an application for an Explosive Limit Approval for the
facility in which the work is to be done. The application is assessed at
Safety Services Organisation (PE) and if agreed is authorised by me as
Chief Ingpector of Explosives. This assessment always involves
envisaging the effects of the explosion of the contents of the building
on the surrounding buildings. The procedure is complex and is shown in
“ Figue 2. Ia difficult cases or where large sums of money are to be spent

on new facilities scale model trials of the proposed new buildings are
carried out. This is a specialist technique which required careful
planning and interpretation (9). We also require the establizhment to
demonstrate that the processes they use for explosives are safe before
they are licensed and put into use.

After the explosives facility has becn licensed and put into use any
accident or incident in which an unexpected iguition takes place is
iavestigated. If it is a minor one then the factory will conduct the
inquiry, if it i{s a major one I may carry this out myselt.
Recommendations are made to prevent a recurrence and if necessaiy the
Explosives Regulations are changed to take account of the experience
galued.
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Figure 1: Crater left at the FAULD, Staffs Underground Bomb
Storage Uerot after the Accidental Explosion on
27 November 1944.
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NEW EXPLOSIVES FACILITITY PROPOSED
L 4

No | DISCUSS PROCESS AND BUILDING | NO
REQUIREMENTS .
ARE PROPAGATION CR BULLDING
DESIGN TRIALS NECESSARY

YES

—

DESIGN AND CONSTRUCT » REFURBISH EXISTING
N7 .TBLOSIVES BUILDING \ EXPLOSIVES BUILDING
AT ACCEPTABLE QDS AT ACCEPTABLE QDS

PLAN EXPERIMENTS
TO PROUVIDE REQUIRED
DATA
r

V¥ A NO

DO EXPERIMFNTAL Y
RESULTS PROVIDE
YES NECESSARY INFORMATION YES
TO MAKE DECISIONS

Y

EVALVJATE NEW DATA

i AND INCORPORATE INTO
PRESCRIPTIONS OR REGULATIONS

! IF APPROPRIATE

INSPECT AND
LICENCE FOR USE

Y

PUT INTO USE AND
INSPECT

Figure 2: PhL Procedures for Providing and Approving
Bxzlosives Buildings
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ANNEX

LIST OF MOD EXPLOSIVES STORAGE AND TRANSPORT COMMITTEE LEAFLETS

Leaflet No.

1.

10

11

Title

Constitution, Terms of Reference and Rules of Procedure

of the Explosives 3torage and Transport Committee.

Supplement:Constitution and Terms of Reference for
Sub-commnittees of the ESTC.

Classification of Military Explosives for Storage
and Transport

Supplement: Comprehensive Tabulation of Ammunition
and Explosives in accordance with the International
System of Classification.

List of Permanent Classifications for Military
Explosives

List of Temporary Classifcations for Military
Explosives

Quantity-Distances for Military Explosives

Part 1: General Principles and Background

Part 2: Above Ground Storage

Fart 3: Under Ground Storage

Part 4: Quantity-Distances in Special Circumstances.
Buildings and Traverses for Military Explosives
Safety Conditions for Electrical Installations and
Equipment for Buildings and Areas coutaining
Military Explosives

Safety Conditions for Internal Combustion Engines in
Military Establishments

Safety Conditions for Fire Fighting in Government
Explosive Establishments

Motes for Guidance for Fire Fighting in Government
Explosives Establishments

Packing of Military E:plosives
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12 Recommendations for the Carriage of Munitions on
War in Civil Aircraft

13 ~ Dangerous Goods of Non Explosive Categories stored
in Explosives Storage Areas with Special
Authorisation by Service Headquarters.

14 Rail Conveyance of Dangerous Goods other than
Explosives

15 Notes on the Conve ance by Rail of Military
Explosives Regulations

16 Cancelled

17 Notes on the Conveyance in Harbours of Military

Explosives Regulations
Supplement:

18 Notes on the Conveyance in Harbours of Miiitary
Explosives in Periods of Limited Emergency

19 Notes on the Conveyance by Road of Military
Explosives Regulatiomns

20 Notice in Crews ¢f Road Vehicles Carrying Military
Explosives including Ammunition

21 Conditions for the use of IS0 Freight Containers
for the Conveyance of Military Explosives.

|
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TWENTY-SECOND DEPARTMENT OF DEFENSE EXPLOSIVES SAFETY SEMINAR
PRESENTATION BY LIRUTENANT COLONEL FREDERICK CANTRELL RAQOC

"AN AUDIT OF THE QUANTITY DISTANCE RULES FOR THE STORAGE OF AMUNITION AND
EXPLOSIVES"

1. I am certain that many of you here this afternoon play the game of
cheas, and for the few that do not I will explain that each player has 16
pieces to control. Some pieces can jump over others, both friend and foe,
some move in straight 1lines any distances but in different directions,
some pieces move in different directions when they take an opponents piece
and once during the game, in a specific situation, a player can move two
pieces at once. Theoretically the game can be lost or won by not removing
a single piece from the board. A complicated game and rightly called the
game of masters.

2. What has this got to do with a topic on the agenda at an Explosives
Safety Seminar? Perhaps this vu-foil (vu-foil 1) will help explain, it is
not a picture of a chess board, but a copy of one of the matrices used in
the UK for determining quantity distances for the storage of ammunition
and explosives. There are five such matrice», each one is made up of 120
cells, most cells have a least two entries and many three or even more.
This adds up to about 1300 entries. The gsme of chess can be compared
with the use of these matrices, but if you can visualise a geme of three
dimensional chese, then this I liken to the subject of my presentation -
"An Audit of the Quantity Distances Rules for the Storage of Ammunition
and Explosives". The requirement of such an audit being that there should
be consistent relativities among all the cells, taking account of both
vertical and horizontal comparisons in each table and the ranking amcng
the tables themselves.

3. The quantity distances or QDs as they are called, have been in use for
many years. Why therefore do we need an audit ?. The answer lies in
questions asked at Ministerial level. Searching questions were asked with
regard to the storage of smmunition. The basic questions asked were:-

"Why do we need expensive storage buildings?" and
"Why do we need so much real estate?".

1} To ask questions at Ministerial level is perhups the best way to get some
action - certainly in the United Kingdom. As a result a study group was

set up to investigate risk analysis as it applied to the storage and
handling of ammunition. As part of the study it was considered necessary
to verify- the .onsequence side of the risk equation, hence the audit of

the QDs. T

‘>'_”'\\ Presantetion
4, To consider the complete audlt of the QDs in such’/a short session as
this would be quite impossible, you will rec the 1300 individual
entries in the matrices. I will therefore xan1nesth§ ggrivation of
distances currently used to safeguard the general public, takeS
a critical 1look at t prescribed for earth covered buildinge and I
will then finish with a 'commercial.

~!
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5. It is important to note that the current 0QDas do not attempt to provide
absolute safety to the general public whether they be in buildings, in the
open or in vehicles. It was for this reason that the terminology was
changed in 1976 from "safety distance" to "quantity distance".

6. Firstly the derivation ofthe 0QDs. This wvu-foil (vu-foil 2) shows
the UK OQDs for HD 1.1 as used today. At this atage I would like to point
out that the same distances are required whether the munitions are stored
in the open, in brick buildings or in earth covered magazines - in fact
any type of above ground storage. I will return to this later.

7. The first question to ask is:
"what was the origin of the curve and how was it derived?".

From this vu-foil (vu-foil 3), it can be seen that the over preasure is
not constant at the 0QD for the whole range of NEQ, although the curve
does level out to approximately O5kPa at about 6000kgs with the peak
preasure as high as 40kPa at lower NEQs. Neither is the impulse constant
over the whole range as can be seen froam this vu-foil (vu-foil 4).

8. It is clear that in respect of the smaller NEQs, the higher
overpressure is associated with a small impulse, whilst for the higher
NEQs, the lower the over— pressure is associated with a higher iwmpulse.
This is illustrated on the iso—demage curve where values of impulse are
plotted against pressure at the 0QD for the range of NEQ. (vu—foil 5).

9. Although this explains the shape of the curve, it does not explain its
derivation. For this it is necessary to go back in history over 40 years
to the end of World War 2.

10. At the end of the war very large atocks of ammunition were held in
the UK with no immediate outlet and it found quite impracticable to
observe the pre—war safety distances. It was the general opinion that the
distances could be reduced without incurring unreasonable hazerds. In
1945 a Technical Sub Committee was set up with the aim of prerairing new
safety distances.

11. The Committee had at its disposal the work which had been dome du ing
the war on the assessment of demage from bombs as well as reports and
records of accidents dating back to 1871. The Sub-Committee adopted th=
following standard for the assessment of the 0QD {vu-foil 6):-

"That an explosion of the whole contents of a building or stack should not
cause serious structural damage to the ordinary dwelling house, though
minor damage such as broken windows, dropped ceilings or loosened slates
would be accepted."

12. As a start point, the Committee took the formula developed during
the war by the Ministry of Home Security which comnected the average
radius of damage (of a particular defined severity) with the net weight of
explosives involved. It was stated that the formula had been derived from
a very large number of enemy bomb incidents for which reliable data was
available.
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13. At this stage I must explain that the Ministry of Home Security had
adopted damage classes to describe the effects of bombs at various
distances. They are shown on this vu-foil (vu-foil 7):-

A Damage Almost coq»léte demolition.

B_Dsmage Such severe demage as to necessitate .demolition of the
building. 50 - 75 X of the external brickwork destroyed or rendered
unsafe.

Cb Damage Damage so severe that the house was r’endered temporarily

uninhabitable and it was not found fuasible to meke it habitasble during
the war. Partial collapse of the roof, partial collapse of one or two
external walls, severe damage to load partitions.

Ca__Damage Damage so severe that the house was rendered temporarily
uninhabitable but it was considered feasible to make it habitable during
the war. Only minor structural damage to be expected.

D_Damage Damage calling for urgent repairs bu: not rendering the house
uninhabitable. This did not include houses which suffered only slight
damage, to glass or ceilings for inatance.

l4. The formula mentioned is fairly well known, has been quoted on many
occasionas and is to be found in many documents. However its derivation is
not s0 well known and I would now 1like to look at this aspect as the
formula ia the foundation of the QDs as used to—day.

15. It was argued that a specific impulse corresponded to a definite
level of deamage and therefore the distance between the explosion and the
damage was directly proportional to the two-thirds root of the explosives
weight. However tests showed that although the product of impulse and
distance did approximate to two—thirds of the explosives weight, less
damege was caused by large charges than by small charges when the
distances were scaled.

16. For small cherge weights it was further argued that it was
reasonsble to assume that the relationship between the damage done by each
charge would depend on the relationship between the total arcas under the
pressure time curves (ie. impulse) as the duration would be small. Thus
the two—-thirds root relationship would hold good.

! 17. However, if large charges are considered, then the duration of the
i blast waves would be longer and the damage may occur well before the end
| of the positive phase. The relationship between the damage done by larger

charges is then only related to the peak positive pressure, the total area
, under the curve being irrelevant. Thus for large charges, instead of
| distance being proportional to the two-thirds root of the explosives
| weight it would be proportional to the one -third root.
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. 18. The problem which then presented itself was to determine a value
of "n" in the formula where distance was proportional to the explosives
weight raised to the power of "n". All that was known sbout "n" wao that
its value tended to two-thirds for very amall explosives weights, end
towards one-third for very large weights.

19. A hot sunny afternoon in California is neither the time nor the
place to enter into the next stage of the problem in detail. Suffice to
say that the expression as shown ..... (vu-foil 8)

was found to fit the requirements. The only remaining task was to
deteramine the values of k and c.

20. Because of uncertainty in explosive content of the bombs dropped,
it was decided that only data from the general purpose 250kg and 1090kg
bombs was reliable. At the higher end of the acale the data from an
accident in 1917 at Silvertown, an explosivea factory situated on the
banks of the River Thames, was used.

21. From this data the constants in the formula were determined and
the formula shown on this vu-foil (vu-foil 9) was adopted to forecast the
distance at which the level of B Damage could be expected.

22. 1t must be realised that the formula was derived from only three sets
: of data for the range cf explosive weights from 200l1b to 1000001b. In
i addition the bomb demage data was obtained from only 10 incidents. The
ﬁ Silvertown accident is also worthy of further examination. Tihe accident

occurred in a TNT munufacturing plant. The total quantity of explosive
material on site at the time of the explosion was about 83 tons, it was
estimated that only 53 tons was involved in the actual explosion. This
figure was calculated by ussessing the damage to the plant and surrounding
area - a rather circular argument, and consideration of the material
recovered. It was s8lso noted that several craters were produced
indicating separate explosions.

23. At this stage there appeared to be no intention of using the
formula to calculate safety diatances. 1Its purpose was to relate damage
to bombs dropped during enemy air attacks, for close in damage it appeared
to be very succesaful. Although circular arguments are appurent in that
deamage was assessed, distances measured the explcesive weight calculated.
It was then said that a specific bomb would produce a certain level of
damage at various distances.

24. It was recognized that the German general purpose bomb would not
necessarily produce a formula applicable to accidents invoiving the
detonation of large quantities of explosives, nevertheless it was decided,
for want of anything better, to exemine available accident data to
ascertain whether or not the formula could be substantiated and related to
the accident scenario.
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25. A total of 24 reports on accidental explosions which had occurred
in the war were examined by the Committee and it was considered that the
formula gave a satisfactory estimate of the radius of B damage. Brief
details of these incidents will be included in ihe report of the Seainar
(Annex A). A further 79 explosions were then exsmined dating back to the
year 1871. Finally the data to be examined was supplemented by the table
given in the Appendix te "Explorives, their Anatomy and Destructivenesa"
by C S Robinson; the table included a record of 138 incidents.

26. After sastudying all the information available on damage from
exploaions, the Committee, at a meeting on 21 September 1945, decided that
the revised safety distance to be adopted should be of the order of 3 to
3.5 times the radius of B dawage. In drawing up the conclusiona the
following cautions were recorded:-

a. No detailed deacription had been given of the buildings
involved in the liat of "79 explosions".

b. No description had been given of any of the incidents
referred to in "Robinson's List". The Sub-Committee considered
it necessary to emphasise that very little was known about moat
of these incidents.

duplicated in the "Robinson List"; in some cases there was
excellent agreement however in others there was satriking
disagreement.

|

' ' c. Some of the incidents listed in the "79 List" were

} d. While the group of incidents reported by experienced
observers was the smallest of the three, it was considered to
give more definite information than either of the other two.

It was wmainly the results of the smaller group, ie. the war time

; incidents, that lead the Sub-Committee to suggest that distances of the

order of 3 to 3.5 times the radius of B demage should be adopted. It was

also proposed that a further and more detailed study of the data should be

vade.

27. The result of this further study was that on 29 October 1945 the
Sub-Committee tentatively adopted, subject to further revision, safety
distance to inhabited building of 3.5 times the radius of B damage for
barricaded sites and 4 times for unbarricaded. However the rational
behind the change from 3 to 3.5 times the B damage distance for all
situations, to 3.5 for barricaded and 4 for unbarricaded is very obscure.
The distances were ii.tended for quantities of 5000lb or more and for
smaller quantities the distances were to be increased to bring them into
accord with distances which the members of the Sub—Committee considered to
be reasonable.
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28. Although not brought out in the reports, the following breakdown of
the "79 Lict" is pertireat:- (wvu-foil 1l1)

Gun Powder 21 Dynumite 1
Nitro Glycerine 12 Ammonal 1
Gelignite 8 TNT/Amm Nitrate 1
Picric Acid 4 Cordite 1
Gun Cotton 4 Others 1
Unkmnown 25

and for the "Robinson List" :- (vu—foil 12)
Dynamite 46 Nitrostarch 2
Black Powder 37 Tracer Composition 2
Nitro Glycerine 24 Gun Cotton 2
Gelignite 8 DNT 1l
TNT . 6 Chlorate 1
HE 4 Mixed 1
Smokeleas Powder 3 Amm Nitrate 1

Many of these incidents were manufacturing rather than storage and 1
queation whether the "79 List" and the "Robinson Liat" Cre really relevant
in consideration of the QDs for modern munitions.

29. I huve aifted through the recorded demege in respect of the 24
war time incidents and identified the data pertinent to the the level of B
damage and the 0QD. The detail is plotted on this vu—foil (vu-foil 13)
along with the B damage curve and the OQD. In order to simplify the
vu-foil I have categorised the damage as either A, B, C or D. I do not
believe that the demage strungly supports the 0QD curve, it could quite
easily have been drawn at 3 or 3.5 times the B damege level as originally
proposed.

30. During the period 1946-1947, the Explosives Storage and Transport
Committee planned a series of trials. The main purpose of the trials wea
to obtain information on the prevention of propagation by the use of
barricades. Arrangements were also made to include direct meesurements of
the magnitude and duration of the blast pressures and were possible, to
record any damage to buildings as a check on the proposed OQDs.
Unfortunately the limitations of the site excluded any useful deductions
being made regarding the adequacy of the proposed QDs. The few structures
within range were of concrete and already in a damaged condition. It was
also neceassary to curtail the trials programme cnd a serious gap in the
data was ackrowledged.

31. In 1948 the Explosives Storage &.ad Transpor: Committee adopted the new
distances, it was agreed on the evidence available that there was no
justification for adopting different distances for barricaced and
unbarricaded when the NEQ was above 3600kg and it was decided to adopt a
standard distance of 4 times the radius of B demage for the O0QD. For
barricaded quantities not excveding 3600kg it was considered justifiable
to reduce the distance by 20% ie to 3.2 times the radius of B damage. It
should be noted that  he increased distences for smaller quantities
proposed in 1945 was not pursued.
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32. The distances have remained essentially the same to this day with the
exception that they have now been metricated and:

a. The roduct;loh permitted for barricaded explosives below
3600kg has been deleted.

b. A minimum distance has been introduced to take into account
the hasards cesulting from fragment attack. This =ainimm
distance does not apply 1if adequate protection from fragment
attack is provided.

33. I have covered quite considerable ground in the laat 10 minutes or
so and suggest it would be sensible to consolidate before proceeding
further.

34. To summarise:

a. The 0QDs are based on the formula derived to predict the
level of damage to be expected form aerial bombs.

b. The formula was derived from analysis of 10 events, 5
involving 1000kg bowbs and 5 involving 250kg bombs, and the
accident at Silvertosm in 1917.

¢c. The explosive invoivement of the zccident at Silvertown was
assessed as 53 tons, this was based on materiel remaining on
site after the explosion and consideration of the damage.
Multiple explosions were apparent. It should be noted that
beyond a distance of 2.8 times the radius of B damage, the
demage was limited to broken window fromes, doors and ceilings
and was of a character that could be described as slight
structural injury.

d. Many of the incidents in the "79 List" and the "Robinson
List" involved NG or gunpowder, very few involved Military
explosives. Many of the incidents were manufacturing rather
" than storage and the reacorded data was of a very poor quality.
The use of such data is questioned.

a. The proposals for the 0QD varied from 3 to 4 times the
radius of B demage. Justification for the various proposals is
obacure and support for a value of 4 times the radius of B
damage i® no greater than it is for 3 times.

d. The value of k = 22.2 in the formula for QDa above 4500kg
implies a precision and accuracy that does not exist.

36. I believe that there is sufficient uncertainty in the derivation for
an in depth studv to be under taken which should include trials.




36. 1 meutioned earlier that the same OQDs apply to all types of above
ground storage sites, ie open atacks, brick buildings and earth covered
magazines. I would now like to dircuss the situation with respect to
sarth covered magasines.

37. There have been a number of trials over the years involving earth
covered buildings, both at full scale and one tenth scale. The main
cbject of these trials was to determine the blast parmeters seen by
adjacent magazines and to confirm the inter magazine distances, however
some free field blast wmeasurements were also obtained. Additionally,
model trials at 1/30 and 1/50 scale have also been carried to measure
close in and far field pressures. 1In the interests of time I will not
describe the spx«ific trials, brief details of the trials I have
considered will be included in the ninuates of the Seminar (Annex B).

38. Ideally the TNT equivilence of the donor charge for each trial
should be calculated and used in the analyais. The explosives used in all
the trials was equal to or more energetic than TNT and conversion to TNT
equivalence would increase the effective NEQ to be used in the
ansessment. However in some of the trials, in particular the RSKIMO
Seriea, the donor charges were cased and this should also be taken into
account in determining the TNT equivalence; this would have the effect of
lowering the effective NEQ. Other factors can alter the effective NREQ, ie
geometry of the charge, size of the charge, etc. The factors are many and
varied and the effect of such factors are not sufficiently well understood
at this stage to be applied with confidence as a general case, it is
therefore considered prudent to use the actual donor charge weights rather
than attempt a conversion. The model trials used bare charges (pentolite
and CE/TNT) and thus use of the actual NEQ in the calculations introduces
8 "worst situatior" which errs on the side of safety.

39. The full scale trial reported in technical paper 3843, 1965, was
designed to provide maxiwum effect, ie the donor consisted of densely
packed cans of Composition B. It is therefore considered acceptuble to
convert to TNT equivalence in this one inatance. The fact that the charge
was densely stacked and that multi-roint initiation was used stilli makes
the results err on the side of safety.

40. From a preliminary study of all the relevant data it was apparent
that differing effects were obtained from the front, side and rear of the
earth covered magazines. A plot of ¢ver-pressure against scaled distance
for each trial was drawn. An example of the type of plot produced is
shown on this vu-foil (vu-foil 14). The scaled distance at which a peak
over—pressure of 5kPa would be obtained was determined for each
situation. Again the detail is too much for this presentation but the
figures will be included in the summary record (Amnex C).

41. I will now look at each of the three orientations in turn.
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4Z. Rear The plot of distance against NEQ for the rex: orientation
is shown on this vu-foil (vu-foil 15), the correlation using all the model
results is good; the two full scale results are below the model curve. 1
suggeat that there is sufficient evidence to adopt smeller 0OQDs than
currently prescribed from the rear of earth covercd pagazines for the
range of NEQ from 6000kg to 280000kg. The fact that the two full scale
results are below the curve builds in a safaty factor.

43. Side As for the rear orientation, this next vu-foil (vu-foil 16)
shows the plot of distance against NEQ for the side orientation for the
same constant value of the over-pressure. Again the correlation using all
the model results is good and the four full scale trial results are again
below the model curve. As for the rear orientation there is, I believe,
sufficient evidence to adopt smaller OQDs from the sides of earth covered
magaxines.

4. Front The situation with regard to the front orientation is rot
as clear. This vu-foil (vu-foil 17) shows the plot of distance againat
NEQ for the same constant over-pressure of 5kPa. If the threc low points
at the high end of the plot are ignored , then a line with good
correlation can be drawn through the remaining model results. It should
be noted that the original BRL Report observed that higher NEQ produced
pressure values lower than expected, but no reason was offered. It is
possible that the higher charge weights produced a more disruptise effect
on the building, thus reducing the strong directional effect to the
front. The high charge weights in ESKIMO !II and V also produced lower
pressures to the front than expected. Three of the four full scale trials
are below the model curve and the fourth - the bulk packed Compesition B,
is just sbove the curve. The evidence supporis a reduction from the front
- perhaps not as conclusive as from the side and rear. More trials data
is required to increase the confidence level.

45. The next step is to suggeast what the revised distances should
be. Rarly in  the presentation 1 indicated that above about 5000kg the
damage to a normal dwelling from a bDare charge of TNT waa pressure
dependent and therefore proportional to the cube root of the NEQ. It is
not unreasonable to poastulate that when a charge ia suppreased by massive
earth covering then the cube root law will no longer hold good. In ract
the three curves I have just displayed fit the expreasions as shown on
this vu-foil (vu-foil 18).

46. Concern has been expressed in the UK at the departure from a simple
cube root relation, although it is acknowledged that wmore supprersion
should be expected and is obtained when the NEQ is lower. Thus the value
of K in the cube root expression will change as the NEQ increases.

47. My personal view is that if the facts fit a departure from the cubs
root ielation, and they do, then we should revise the diatances
accordingly. However this is not a technical matte: but a classical
example of "we have always done it like that - why should we change now"

48. Another approach would be to relate either the total mass of cover,
or tne thickness of the cover, say at the mid point of the height of the
magazine, to the NEQ and then calcnlate a relationship to the distance.
This may prove to be a neater solution and allow a return to the cube root
relation. This exercise I have prograzmed for the future.
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' 49. Whatever method is used there is clearly mileage to be gainel, these
next three vu-foils (vu-foils 19-21) shew the comparison of the current
' OQDw and proposed 0QDs for each orientation.

80. Such reductions are perhaps of little significance in thia part of
the worid where space does not seem to be a problem. But those of you who
have been involved in sitting of ammunition facilities in Burope will be
svare of the grave difficulties with regard to real estate and will
appreciate that any reduction in distances whilst still maintainiag an
acceptable level of safety wiil be mosi welcowe.

51. A proposal to reduce the QDs has departed from the subject of the
"Audit of the QDs". However I do tend to get carried away at times - my
wife sometires wonders why I sit looking at a computer screen for scsveral
hours during the evening.

52, My final overall summary of this very small part of the QD audit is
as follows (vu-foil 22)

a. The general 0QDs are not foundad on such reliable data as is
believed and they imply an accuracy and a precision that does
not exist. It is likely that they are over cautious.

b. Different 04Ds should be applied to different donor sites

and in particular the evidence for introducing reduced distances
5 from earth covered magazines is very strong, although more
| trials data may be necessary in respect of the front orientation
b in order to increase the confidence level.

53. Centlewen that brings me to the end of my presentation, it has Lzen

detailed theu the subject is complex. I have dealt with only about haif a
; dozen entries in the QD matrices out of the total of 1300 - the road is
| long. How long I will continue on this audit I can’t say, clearly I would
like to mee it through to the end. Now for my final plug, I did say that
I would finish on a "commercial". The success of the audit depends upon a
review of as wmuch data as possible - trial results, accidents and
subjective reasoning. I have amassed a considerable number of reports,
nevertheless, copies of reporta, both accidents and trials, opinions or
even references will be most welcome aud will be received most gratefully
by me.
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ANNEX A

BRIEF DETAILS OF 24 WAR TIMK INCIDENTS

1. Rotherwas 12 September 1941. 3002L of TNT in a Royal Ordnance Factory.
2. Gravely 20 November 1943. 1000lb GP bomb filled 3601b 60/40 amatol.

3. Pembrey 23 November 1942, 20001b TNT in a Royal Ordnance Factory,
explosion occurred during the nitration of TNT.

4. Irvine 2 April 1940. 22401b of bulk TNT.

5. Deenethorpe 5 December 1943. 12 x 5001b bombs, the explosion took
place in an aircraft on the ground.

6. Offley 8 January 1945. 20 x 5001b bombs, the explosion took place in
a rail wagon.

7. Catterick 4 February 1944, 397 boxes of grenades No. 76, filled
burrowite total NEQ 60001b. Explosion took place whilst loading a rail
wagon from a road vehicle.

8. Walthem 18 January 1940. 61601b guncotton.

9. Soham 2 June 1944. 44 x 5001b aircraft bombs DN-M64, filled amatol
50/50, NEQ per bomb 2621b total NEQ 115001b. Charge weight ratio 53%.

10. Bootle 20 March 1945. 52 x 4501b depth charges,filled amatol total
NEQ 187001b. Explosior. took place in a rail wagon.

11. Gascoingne Wood 18 April 1945. 98 x 5001b bombs, filled TNT total NEQ
270001b.

12. JANAS B Abs:5. About 110 x 5001b bombs, filled Comp B total NEQ sbouvt
280001b.

13. Hereford 30 May 1944. 12 x 2000lb aircraft bombs and 19 naval mines,
total NEQ estimated at 330001b of minol.

14. Igloo Magazine 13 August 1943. 201b fragmentation bombs, filled TNT
total NEQ 340001b.

15. JANAS B Abs:9. 56 mines, filled torpex total NEQ 358601b.
16. JANAS B Abs:14. 193 x depth bombs, filled torpex total NEQ 480001b.

17. JANAS B Abs:8. Dynamite packed in boxes, total NEQ 700001b.
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18. Enemy action 23 February 1944. 3000 boxes grenades No. 75, total NEQ
480001b. \

19. Newhaven 21 November 1944. Nobels 822 bulk explosive, total NEQ
336000lb. The explosion took place on an smmunition barge.

20. JANAS P Abs:10. 2272 x 5001b bombs, filled Comp B total NEQ
6910001b. The explo::on took place in a ship alongside a quay.

21. JANAS B Abs:7. 3339 x 3501t bombs, filled torpex total NEQ about
8000001b.

22, ANES B Abs:2. Miscellaneous ammunition, mostly torpex total NEQ
11000001b.

23. ANES B Abs:1. Miscellanecus ammunition, total NEQ 3800000.

24, Buton-on-Trent 27 November 1944. Miscellaneous bomba, total NEQ about
53400001b. Explosion occurred in an underground storsge depot.
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ANNEX B

DETAILS OF TRIALS

1. BHL _Report 2680 1/50 scale trial. The donor charges of 0.8, 2.4 and

4.01b pentolite (to represent 100000, 300000 and 500000lb at full scale)
were contained in model earth covered steel arch igloos. The earth cover
was carried from one half standard cover to double  cover. Blasi
measurenents were made in the near field and at scaled distances up to
30@2/3, only mecasurements made with the standard cover were considered.

2. ARBRL Report TR 02453 1/30 scale trial. The donor charges of 0.227,
0.363, 1.088, 1.814 end 5.040kg pentolite (to represent 6130, 9800, 29370,
48380 and 136080kg &t full scale) wer< contained 3in wodel earth covered
steel arch iglocos. Blast measurements were made in the near fieid and at
scaled distances wp to 19Q2/3,

3. RSTC/3/71 1/10 scale trial. Donor charge 64kg TNT slubs (*o represent
64000kg at full acale) contained in a box type earth covered megazine.
The trial involved four shots and far field blast effects were measured at
nominel ascaled distances of 8Q'/3 and 22Q1/8.

4. ESTC/3/76 1/10 scale trial. Donor charge of 8, 64, 126 and 216kg TNT
slabs (to represent 8000, 64000, 125000 and 216000kg at full scale)
contained in a box type carth covered magazine. The trial involved one
shot at each charge weight and far field blast effects were measured at
nominal scaled distances of 8Q1/3 and 22Q}/3,

5. ESKIMO I Full scaie trial. The donor charge consisted of 155mm TNT
filled projectiles, total NEQ 200000lb, contained in an earth covered

steel arch igloo. Blast effects were measured at scaled distances up to
19Q1/3,

6. ESKIMO II Full scale trial. The donor charge consisted of tritonal
filled M117 bombs with a total NEQ of278001b. The charge was contained in
an open earth revetment. The trial was not considered.

7. ESKIMO III Full scale trial. The donor charge consisted of tritonal
filled M117 bombs with a total NEQ of 3500001b contained in an earth
covered steel arch igloo (lightweight 14 gauge deeply corrugated steel).
Blast effects were measured in the near field and at scaled distances up
to 206773,

8. ESKIMO IV Full scale trial. The donor charge consisted of 370001b

TNT astacked in the open in a hemispherical shape. The trial! was not
considered.

9. ESKIMO V Full scale trial. The donor charge consisted of 34000kg TNT
stacked in the open in a hemispherical shape. The trial was not
considered.
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10. ESKIMO VI 1/2 scale trial. The donor charge consisted of Mark 16
torpedo warheads filled TNT, NEQ 440001b (to represent 350000kg at full
scale). The charge was contained in a large earth covered box type 1IB
maguzine. Blast effects were measured in the near field and at scaled
distances up to 19Q*/3,

11. NOTS TP 3843 Full scale trial. The trial consisted of 6 tests, only
test 6 is relevant to this paper. The donor charge consisted of 1000001b
of Comp B packed in 2106 sealed, 9.5in cubical cans, 47.51b NEQ per can.
The cans were in a single stack to obtain maximum blast effects. The
donor charge was contained in a steel arch earth covered igloo (1 gauge
corrugated steel). The TNT equivalent of the donor charge was considered
to be 1130001b. Blast effects were measured at scaled distances up to
2901/3, (Tests 1 end 2 were at full scale with donor charges of 998kg,
however the donor igloos had acceptor igloos on each side at scaled
distances of between 0.2 and 0.8 with a common earth cover over the donor
and the two acceptors to a depth of aebout 0.6m. The configuration
produced unusinlly high pressures to the front and unusually low pressures
to the rear, the teats were not representative and were not considered).
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ANNEX C

DISTANCES RELATRD TO A PRAX OVER PRESSURE OF SpKa

Front ' Side ! Rear

Trial ! N Rep. !
: . v kg ¢ SD Dist-! SD Dist-! SD Dist-
! ' ance ! ance ! ance
US Model 1/50 Scale ! .363 45375 ! ! 18.3 653 !
! 1.088 136000t ' 22.8 1173 !
! 1.814 226750 ! ! 22.2 1354 !
US Model 1/30 Scale ! . 227 6129 ! 15.9 291 ! 17.0 311 ! 12.7 232
! .363 8801 ! 18.0 385 ! 17.4 372 ! 13.6 291
! 1.066 28782 ' 18.1 5585 ! 17.9 549 ! 13.9 426
! 1.128 30456 ' 18.2 568 ! 18.0 562 ! 14.3 447
7 ! 4.990 134730 * 15.5 795 t 20.8 1066 ! 16.7 856
1 UK Model 1/10 Scale ! 8 8000 ! 16.0 320 ! 14.6 292 ! 13.2 264
! 64 64000 ! 14.9 596 ! 18.6 744 ! 18.5 1740
! 125 125000 ! 19.8 990 ! 19.0 950 ! 15.3 1765
! 216 216000 ! 16.4 984 ! 20.6 1236 ! 21.4 1284
ESKIMO I ! 90720 90720 ' 18.6 836 ! 20.5 921 !
ESKIMO 111 't 168760 168760 ! 14.8 801 ! 20.2 1094 !
ESKIMO VI ! 19968 159664 ! 14.9 808 ! 16.0 868 ! 13.2 1716
NOTS 3843 ! 51257 51257 ! 20.1 747 ¢ 17.7 657 ! 12.9 479
] [] [] 1
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P 14 ‘m". D:'. D‘m 16:» mu. lety By mm
: —-— or or J or or
| rx D DI, D7, Bh D7 D7
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atack by heavy spalling. & we 24b(3) —risk to persons is tolerable in exrtain
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4. sec 24,b(4) -—risk to persom is tolerable generally.
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Vu-foil 8

That an explosion of the whole
contentsa of a bujilding or stack

should not cause seriouas
structural damage to the ordinarwv
dwelling house. Minor damage

such ;s broken windowa, dropyed
ceilings or loosened slates would
be accepted.
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VYa-foil 7

MINISTRY OF HOME SECURITY
RAMAGE LEVERELS

A_DANAGE.  Aleaast complete destruction.

it

L_DANAGE Severe damage.
50-75X external brick-wnork destroyed.

Ch DAMAGE Uninbabitable.

Partial collapse of roof.
Partial collcpse of one or two exter.:l walls.
Severe dasage to load partitions.

Ca DANAGE Uninhabitable.

Only ainor struciural dasage.

D__DANAGE Damage calling for urgent repairs.
Did not include ceiling and glass damage.
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Vu-foil 8
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Vu-foil 9

EXPRESSION FOR B DAMAGE
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Vu-foil 11

M 7o IST*
GUN POWDER 21
NITRG GLYCRRINE 12
GELIGNITE 8
PICRIC ACID 4
GUN COTTON 4
DYNAMITE 1
AMMONAL 1
TNT/AMM NITRATE 1
CORDITE 1
OTHERS 1
UNKNOWN 25
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Vu-foil 12

. e Ro s .

DYNAMITE 46
BLACK POWDER 37
NITRO GLYCERINE 24
GELIGNITE

TNT

HE

SHOKELESS POWDER
NITRO STARCH
TRACER COMPOSITION
GUN COTTON

DNT

CHLORATE

‘ HIXED
| ANM NITRATE

s = NN WSO
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Vu-Foil 18

DERILIVED EXPRESJIONS

REAR 5.0 x okl

SIDE 7.4 x Q@OU

Ili’ FRONT 9.1 x Q04
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Vo-foil 22

EXINAL SUMMARY

l. The seneaxral OoQDs Aare not
founded on such reliable data us
im believaed and they impiy an
asaccuracy anc - Ppracisio-n that
does no . ®&xint. i i linrelt
that they are over cautloeoeuas.

<. Different OGL & shaoculd be
ar>lied to different donor sitems
and in rarticuler the evidence

for introducing reduced distances
from aarth covered magssines ias
very strong, although more trials
A a may be necesarary in respect
of the front orientation in order
to tncrease the confidence level.
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AD-P005 361

EXPANDED SIMULATION TECHNIQUES

DIRECT COURSE - A 1 KT Height-ot-Burst Nuclear
Blast Simulation

MINOR SCALE - An 8 KT Surface Nuclear Blast
Simulation

Robert A. Flory
Washington Research Center
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INTRODUCTION

! ‘ o Ti;QIn October 1983, DIRECT COURSE, the world's largest non-nuclear

heighf—of-burst (HOB) event took place. In June 1985, “iess_than two -

@;; .&e&EEZZaeeb, MINOR SCALE, the world's largest (8KT equivalert) non-

1N' zl .', nucleaf suqface event, took place. These two events represented a

A marked departure frbm the earlier rather standard and sporadic 1 KT
equivalent surface events conducted by the Defense Nuclear Agency
(DNA). |

By developing these two new techniques as viable simulations, DNA
has opened the door to further phenomonology research and airblast
effects testing on a scale not previously attainable.

The 1 XT equivalent HOB technique offered the opportunity to
examine on a large scale, the phenomonology associated with the regular
reflection, irregular Mach reflection, and regular Mach reflection
regions together with the associated flow fields, both dusty and clean.

The greater than 1 KT technique afforded an opportunity to examine
structures, weapons systems, etc. at a significantly different impulse
level than that previously available.

This paper will review the two new techniques and assess their

A\

\

simulation fidelity

DIRECT COURSE AN HOB SIMULATION
DIRECT COURSE, a 1 KT equivalent HOB air blast simulation, took
place on 26 October 1983 at White Sands Missile Range, New Mexico.

This event culminated two years of design effort, which among
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other testing inciuded a,24 ton scaled version of DIRECT COURSE
entitled Pre-DIRECT COURSE, which wag dethated on 7 October 1982,
Discussion of the HOB simulation development as well as the Pre-DIRECT
COURSE event is cdntaiﬁed in a MABS-8 paper - entitled Large Scale
Heigh; of Burst Simulation (Reference 9).

DIRECT COURSﬁ was quite simply 609 tons of ammonium nitrate with’
approximately 6% fuel oil.added (ANFO), encésed in a fiberglass sphere
the center ofvwhich was 166 feet above}the ground. ‘The sphere was
supported by a 6 foot sqdére steel frame tower, Airblast and ground
motion gages as well as photogfaphy were the primary methods utilized

to determine the effécts_of the detonation.

ATRBLAST ENVIRONMENT

Figure 1 compares the DIRECT COURSE overpressures (corrected to
sea level) recorded on all three blast lines (80 measurements)
(Reference 1) with the standard curves contained in the DOD/DOE
publication "The Effects of Nuclear Weapons" ("ENW") (Reference 2).
The overall agreement is good, although the HE simulation produced
slightly higher overpressures in the 150-15 psi region. As an
additional comparison, REFLECT-4 code data points calculated for a 200
foot HOB (Reference 3) are also plotted in Figure 1., These data show a
better correlation up to 50 psi but worse above that value.

Figure 2 compares the DIRECT COURSE dynémic pressures (corrected
to sea level) on all three blast lines (41 measurements) with the

standard curve contained in the "ENW". Agreement is quite good at the
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jlower:dynamié pressure levels getting progressively worse as pressures
increase. When the DIRECT COURSE data is compared against the
REFLECT-4 data points however, a much closer correlation exists over

the entire plotted range of values.

WAVEFORMS 7

‘.On:Pfe-DIkECT.CQﬂRSE, &ue td?exceséf?effiberglass debris, very
little useful airblast-daga Qere obtained in the regions above 100 psi.
Fiberg}ass deb;is from the charge container‘was successfully mitigated
on the'DIkECT COURSEvevenf By redﬁcing the;réfio of joint to panel
density by a factor of two and by reducing the container mass to
explosive mass ratio from 8.7 percent'to 3;3 pércent. As a result
DIRECT COURSE wave forms in the fegulér reflection, Mach trensition,
and Mach reflection regions exhibited classical characteristics as

shown in Figures 3, 4, and 5 (Reference 1).

GROUND MUTION

Two hundred and twenty two accelerometers were installed to
measure the free-field ground motion produced by DIRECT COURSE.
Two hundred and ten recorded usabie data. For comparison purposes
ground motion data from the PRISCILLA nuclear airblast event were
scaled down to the DIRECT COURSE yield (Reierence 4). As shown in
Figures 6, 7, and 8 the vertical motion data showed generally good
agreement with the scaled PRISCILLA data at shallow depths, however as

depth increased the agreement disappeared. Although the reason for
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this has not been fully determined, one possible cause is the geologic
differences in the test sites, The PRISCILLA test site was generally
uniform in nature with a low water table, while the DIRECT COURSE test

site contained a more layered geology and a higher water table.

PHOTOGRAPRY

DIRECT COURSE charge disassembly photography (Reference 5) as
shown in Figure 9 revealed that the shape appeared to be uniformly
spherical, with the seam effects much less apparent than on Pre-DIRECT
COURSE. Late exit of the shock wave from the fireball, first viewed on
Pre-DIRECT COURSE reappeared on DIRECT COURSE and remained one of the
major problem areas of this simulation. The fireball clearly impacted
the ground before shock separation thus preventing at least the
initiation of the irregular Mach reflection region from being

photographically observable.

SEISMIC COMPARISON

There is one other interesting comparison of DIRECT COURSE to an
actual nuclear event (Reference 6). In 1945, 5 Leet, 3-component,
strong motion mechanical seismographs recorded the TRINITY motions at 5
separate lccations. Mr. Leet gave the name "Hydrodynamic" wave to one
unusual appearing section of one of the seismograms, suggesting that it
might be useful in discriminating between the seismic waves produced by
nuclear explosion versus naturally occurring earthquakes. Two of the

original Leet instruments were found in the Los Alamos National
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Laboratory {LANL) archives, reconditioned, and fielded on RNIRECT
COURSE. Comparisons between the Leet records for TRINITY and DIRECT
COURSE and the digital records recorded by a modern electronic
seismograph, as shown in Figure 10, indicate that the "Hydrodynamic"

wave is real and not an instrument phenomenon.

HOB SIMULATION SUMMARY

DNA now possesses a reasonable technique for HE HOB nuclear
simulations in the 1 KT range. Waveforms in the regular and Mach
reflection regions are classical in natu.e, :verpressure and dynamic
pressure curves are close to the standard nuclear data curves as well
as to the most recent computer code calculations, and vertical ground
motions at shallow depths are in reasonable agreement with a nuclear
event.

There are however, some areas where improvement is desirable.
Examination of the effects on the giound immediately below the charge
and a viewing of the transition from the regular reflection region to
the mach reflection region are both areas of current interest which can
not ¢ cccomplished with the present simulation.

i continued lowering of the container mass to explosive mass ratio
may solve the transition region viewing problem by allowing the shock
wave to separate from the fireball earlier, but an entire redesign of
the charge holding system will be required to enable measurements to be

made directly under the charge.
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MINOR SCALE A "VERY LARGE EVENT"

The idea of a larger than 1 KT equivalent simulation is not a new
one. With the increased emphasis on HE simulations by DNA and the
successful davelopment of an HOB simulation, the "very large event"
became the next objective,

In an attempt to make the increase over 1 KT significant it was
decided that a doubling of effects was the minimum acceptable. Because
cube root scaling applies, planning for an 8 KT event was initiated.
The event was given the nickname MINOR SCALE, and planning commenced
with a June 1985 scheduled event date.
| Designing the 8 KT simulation technique was a significantly easier
task than designing the earlier HOB technique for two primary reasons.
Firc' there was no tower to design wiLh its associated charge holding
device, and second, there was now some very recent experience with the
u.© f fiberglass as a charge container.

Charge container shape was the first decision required. As shown
in Figure 11 three container shapes were seriously considered and a
detailed study effort by NMERI (Reference 7) was conducted. The
hemisphere was studied as it had been used in the past and allowed a
single point initiation with a uniform shock front in all directions.
The hemispherical capped cylinder was studied, as it represented the
past standard shape for DNA's simulations and had been selected as the
best single shape that provided the most accurate simulation for both
a.rblast and ground motion. The Flat Cylinder was studied as a new

concept which would be easier to build and theoretically still provide
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the correct airblast waveforms along the ground all around the charge.

After studying all -aspects of the various shapes, it was agreed
that the Flat Cylinder offered the cheapest and possibly the best
solution for an airblast only event, however, it_was also agreed that
before a new design such as this could be used on a major event it must
be tested and evaluated thoroughly, i.e., a scaled test of the event
must be conducted. Time did not permit this approach. Geodesic
hemispheres, a special case of hemispheres, were eliminated due to the
many seams, potential constructability problems, and approximate
geometry. Hemispherical capped cylinders offered potential
perturbations due to the many initiation points required and the major
change in configuration at the cap-base interface. The segmented
heimisphere was selected as it offered the best opportunity to obtain a
uniform waveform throughout the test bed.

Now that this shape had been selected ejecta became a potential
problem, This potential problem was raised based on Operation Snowball
(Reference 8), a 500 ton TNT hemispher